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CHAPTER 1. 

E I- E C 'r R 1 C LI (I II T 1 N (1. 


THE ARC SYSTEM. 


Broadly speaking, there arc but two systcnivS of electric 
I ' lighting', the arc and tlic incandescent. Sir Humphry 

f Fia. 501. 



If. ■"'TT-Ts 


Davy discovered in 1809 that, when two carbon points, 
joined to the terminals of a powerful battery, were brought 
into contact and then separated a short distance, a flame was 

IS 

became incandescent, emitting an intense white light. This 
arch of flame joining the carbon points was called the vol- 


voltalc Arc 
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taic arc. Since this discovery, the attention of inventors 
has been devoted to the production of suitable carbon rods 
for the arc lighting, and to methods of forming the arc, and 
maintaining it at a uniform length. 

There are many varieties of arc lamp, all of which are 
necessarily based on the discovery of Davy. There are also 
many kinds of dynamo adapted to furnish currents to arc 
lamps, and a large variety of accessories, such as switches, 
cutouts, resistance boxes, current indicating and measuring 
instruments, by many inventors. It is therefore obviously 
impossible to enter into a detailed description of them all. 
The United States system, employing the Weston dynamo 
and lamp, has been selected as a representative system. It 
has been long in successful use in New York and other cities. 
One of its most interesting applications is that of the illu- 
mination of the New York and Brooklyn bridge, where 8o 
arc lamps are supplied with the current from four dynamos. 

The Weston machine is shunt-wound, z. e., the current 
divides at the commutator brushes, a part passing through 
the wire of the field magnet, the remainder supplying the 
external circuit. The armature, which is of the drum type, is 
provided with a sectional core consisting of soft iron disks 
insulated from each other, and separated by a small space. 
Air is made to circulate through the armature by centri- 
fugal action. 

The winding of the armature is similar to that shown in 
Fig. 462. Fig. 503 is a diagram of the winding. Here the 
small loops show the points of attachment to the commuta- 
tor bars. The full lines represent the first series of coils 
wound on the armature. Each coil of the first series occu- 
pies a portion of two diametrically opposite spaces, but it 
will be observed that, although each space contains a coil, 
only half of the commutator bars can be connected with this 
series. Therefore, a second series of coils is placed upon 
the armature, as shown in dotted lines. These coils are 
arranged in the spaces at the side of the coils of the first 
series, as shown in Fig. 504 — the wires of the first series 
being represented by the black circles, and those of the 
second series by the white circles. 


Fig. io2. 
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The manner of connecting the terminals of these coils 
with the commutator bars is clearly illnsti*ated in Fig. 505,. 
which is a perspective view of the end of the armature. The 


Fig. 503. Fig. 504. 



Diagram and Cross Section of Weston Armature. 

beginning of one coil of the first series, represented by the- 
black lines, is connected with a commutator bar, and the 
end of the same coil and beginning of the next black coil are 

Fig. 505. 



Commutator Connections. 

connected with the second commutator bar in advance. The: 
coils represented by the black lines are thus connected with 
alternate bars of the commutator, and in a similar manner 
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Weston Arc Lamp. 


the terminals of the 
coils shown in white 
lines arc connected 
then with intermediate 
bars of the commuta- 
tor. 

By this arranji^e- 
ment of the coil ter- 
minals, short-circuiting 
of any coil is avoided, 
and by arranging the 
coils equally distant 
from tlie armature 
core, the length of con- 
diicttir in all of the 
coils is rendered prac- 
licall}^ eciual, and all of 
I he coils arc made to 
|)ass through the same 
part of tlie magnetic 
held. By tin’s means 
sparking at the com- 
mutator is avoided, and 
the criicicncy of the 
machine is increased. 

'riie Weston arc 
lamp is shown in pers- 
l>eclive in Fig. 506 and 
in detail in Figs. 507, 
50S aiul 509. In this 
lamp the arc is some- 
what less than one 
thirty-second of an inch 
in length. As com- 
pared with most other 
sy. stems it is extremely 
.short. The arc in the 
Brush system is nearly 
one eighth of an inch. 



the decreased liability of injury to persons coming in contact 
with the conductors. 

In Fig. 506 is shown a duplex or double carbon lamp- 
designed for all-night burning. The regulation of the arc is 
effected in this lamp by a single electro-magnet, D D, which 
feeds both sets of carbons, and is differentially wound with 
two sets of coils, one of coarse wire, which is included direct- 
ly in the arc circuit, the other of fine wire placed in a derived 
circuit of high resistance. This arrangement of high and 
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low rcsislaiicc coils in t:hc lamp is necessary l;o adapt it for 
use ill series. 

'riie lower terminal of the coarse wire helix is electrically 
connected with lioth upper carbon carriers, and the current 
and feeding;' mechanism are shifted simultaneously at the 
proper time to the second set of carlions by the shifting- 
inagnet M, included in a derived circuit of high resistance. 
'The shifting- lever C carries wedg'c-shaped slides h, //, which 
are inserted under the ends of one clutch or tlie other, so a.s 

to trij) it aiul prevent 
it from further engage- 
ment with its rod. 

While the iirst set of 
carbons is burning, the 
circuit of the magnet M 
is open, d'he upper car- 
bon I'v of the second set 
is held U]) by the hook 
and the shifting lever is 
locked in the proper posi- 
tion 1o lift the lirst clutch 
free and trip the second. 
When t.lie first set of car- 
bons is consumed, the 
circuit of the magnet M 
is complel ed by a stop li 
on the upper rod R com- 
ing into contact with the 
guide K, and the shifting 
magnet, drawing iqi its armature (t, lifts the detent from 
the lever C, allowing it to swing off, and at the same time 
reverse the jiositious of the slides under the clutches, and 
release the ujiper carbon of the second set. 

As the upjier carbon, R', of the lirst set is supported out 
of contact with its lower carbon by the stop, the current is 
diverted to the second set of carbons as soon as they come 
into contact, and the feeding magnet now works the second 
clutch instead of the first. This is done instantaneously, so 
that no flicker in the light is noticeable. 


Flu. 501). 



Plan VitiW of FoodiuK Mfchanisin. 
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The feeding mechanism of the single lamp is tlu* same as 
that of the duplex lamp, omitting the cluplieate parts ami 
the shifting mechanism. 

It is necessary that the c‘lectr<J-motive force of the are- 
light machine should be variable within wide limits, in atlapt 
the current to a varying number of ligiits. In this kind ol 
illumination the current remains et instant, while (he elect ro^ 
motive force varies from that re(|uired lor the operation tif 
a single arc lamp to that neeessarv to overeonu' tlu' resist, 
ance of all of the lamps and other resistama' in the eireuit. 

It is obviously imprae- 
ticable to regulate the elecs 
tro-motive force by chang- 
ing the speed of the dynamo. 

In the Weston system this 
is effected by introdiu'iug 
resistance into the Jield 
magnet circuit. 'I'he rheo- 
stat shown in Fig. 510 is 
introduced into the held 
magnet circuit, as shown in 
the diagram, Fig. 51 1. By 
turning tl\o lever of this 
rheostat any amoiml of re- 
sistance may be put in the 
iicld-magnet circuit, thus 
varying the amount ol cur- 
rent used to excite the held 
magnet, consequently varying the electro motive force of 
the dynamo. 

The Weston dynamo, however, does not reejuire attjust- 
incnt for every change of resistanee in the lamp eireuit. It 
being a shunt-wound machine, the curnmt will be pn»perly 
apportioned to the exteriud and internal eirenils in aetauil- 
ance with the I'csistunce olTered liy the external circuit. 
When only a single lamp is in operatioji, the resistance will 
be only one and one half ohms, as already stated, ecutse- 
quently the current will be divided in proportion to the 
resistance of the external ami internal circuits, s(j that very 


Kiti. 5 id. 
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little current will pass through the field-magnet circuit, and 
the electro-motive force will be proportionately small ; but 
when the resistance of the external circuit is increased by the 
switching in of additional lamps, more of the current will be 
diverted to the field magnet, thereby increasing its strength, 
■consequently raising the electro-motive force. 

Fig. 511 shows a number of arc lamps in series. The 
lamp resistance of this circuit is in direct proportion to the 
number of lamps switched in at any time. 


Fig. 511. 



In this diagram the external circuit, AA, including the 
lamps, proceeds from the binding posts, which are directly 
connected with the commutator brushes by wires, bb. The 
terminals of the field magnet wire are connected with the 
binding posts by wires, aa. It will thus be seen that the 
current taken by the brushes from the commutator is divided 
at the binding posts, passing from one brush through the two 
routes open to it and returning to the other brush. 

The field-magnet circuit is interrupted between the two 
upper coils and wires, B, connected with the coil terminals 
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and with the rheostat. This arrangement permits of in- 
troducing any required amount of resistance in the field 
magnetic circuit, thus controlling the E. M. F. of the 
machine. . 

The Weston dynamo is also perfectly adapted to incan- 
descent lighting. With a constant speed the regulation of 
the current is automatic. 

INCANDESCENT LIGHTING: 

The arc light is specially adapted to the illumination of 
streets and large open or closed areas ; but it cannot be suc- 
cessfully applied to lighting in a small way like gas or oil. 
The incandescent system permits the subdivision of the 
current, and consequently of the light, to any degree. 

While lighting by incandescence had been the subject 
of much thought and experiment by different inventors, 
undoubtedly Mr. Edison was the first to produce a commer- 
cially successful system of incandescent lighting. The suc- 
cess of the system depends upon two principal features, the 
vital one being the high resistance lamp, by means of which 
any degree of subdivision of the current is rendered pos- 
sible ; the other being the system of electric distribution 
by which the current is furnished as required to each lamp. 
The construction of the lamp is clearly shown in Fig. 512, in 
which parts are broken away to show the internal construc- 
tion. The description of the several parts of the lamp 
appears on the page with the illustration. The glass globe is 
exhausted so as to remove as nearly as possible all of the air, 
thus preventing the burning of the carbon. The filament 
which yields the light consists of a carbonized strip of 
bamboo of the size of a horse hair. The diameter and 
length of the filament varies with the candle power required 
and with the strength and voltage of current used to operate 
the lamp. The standard 16 candle power lamp when hot 
has a resistance of 168 ohms and requires a current having 
an E. M. F. of 100 volts; and, according to Ohm’s law 

( E X 100 6 

— = C y 0*595, or about — ampere. In practice- 

R / 168 10 
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This amount divided amoiip;' 500 lumps *5882 ami)crc i)ei 
10 

lamp, equivalent to — , as in the ease of the sinpfle lamp. It 

17 

is thus seen that with a constant electro-motive and acurnmt 
of varying strength any number of lamps within certain 
limits may be operated on the same circuit. 

The Edison dynamo shown in Fig. 513 has a drum arma- 
ture much like that of the Weston machine. It differs how- 
ever from that armature in having an odd nmnber of com- 
mutator bars and in having an armaturt^ core, built uj) of 


Frc}. 514. 
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thin disks of soft iron insulated from the shaft and separated 
from each other by pai)cr. 

Fig. 514 illustrates the method of regulating the Edison 
dynamo. The machine is shunt-wound, and a variable 
resistance, R, is introduced into the field, magnet circuit. 
Whenever the current rises or falls below the normal, the 
switch arm of the rheostat is moved by liancl in one direction 
or the other, thus controlling the excitation of the field 
magnet. 

In this diagram (Fig. 514) is shown the old method of 
connecting the lamps, L, in the external circuit. Each lamp 




this way tlu'V arc in parallel rirc'uit, aiul in thisca'a* 
one lamp fails llic olhers arc ni»t alicclcd, \\ here srveral 
lamps arc conneeted in serit*s and the sm ies are mnneeled in 
jiarallch if lamp til a serii's shnnUl iail, t he nt her' huups ml 
the series would he useless w ithout stum* (h'vit e {(tr antm- 
matically tlirowini;' into the lirenit a i r'sistanee rc juivalent fn 
that of a lamp, thus maintaining the sanu* resistamc in the 
circuit. 

When the lidison elect riet ireiiit i-^ aiiani4i'd as .shown ju 

Fr. o.;. 




Fip;. 514, the conductors to carry the eurreut eetatondeall v 
must uccessurily be larpi'e, aiul tlmrc is a icdatiou !»rtwer-ti 
the cost of coi)pcr ill the circuit and tiic waste* of c-neif^y 
in overcoming resistance, which cannot l»e tliMepardeth 
The first cost of coiuluctors is a lari^e hcnii in ineamlc-st cut 
lig-hting. In some circuits there i.s eeonrmi)* in reducing thr 
size of the conductor ami increasing the current. In the 
thrcc-wirc system illustrated iu Mg. 515 a saving of pr-r 
cent, in copper is made. 'Fwo dynamos, Dg are re- 
quired. The negative terminal tjf dynaim>, Ih, is eormeiic-il 
with the positive terminal of tlu' dynamo, I)% !»v tiic wir«% 
a. These conductors arc couneetetl with flic tw<» djtianiusi 
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as follows : Concliicioi', b, is conncclxul with the positive 
brush of djuiaino, ; conductor, r, is connected with tlic 
wire, (t, and conductor, d, is connected with the ne^'ativc 
brush of dynamo, D- ; a number of lamps, 1 ^, are connected 
with the conductors, r, and lam[ts, L‘, are connected with 
tlu; conductor, e, ('/. The central conductor, c, acts as a re- 
turn for the lirst dynamo and a lead for ihc second 
dynamo. When the number of lamps lietween the con- 
ductors, b, and r, (/, is ccpial, no current passes alouf;’ 

Fiu. 51O. the c o n d u c; t o r, c, 

either from or toward 
the lam])s or dynamos, 
and under these cir- 
cumstances the con- 
ductor, r, ini^ht be 
disconnected from the 
dynamos without in 
any way affecting the 
results ; but when the 
two groii])s of lamps 
differ in numbei', the 
difTcrence of current 
will be carried by the 
central C)r compensat- 
ing conductor. 

When two dynamos 
are combined on this 
plan, tliese conductors 
Edison Current Meter. take the place of four 

connected up according to the two-wire system. 

The amount of current used by each consumer is meas- 
ured by the current meter shown in Fig. 516. The ap- 
paratus is dependent upon electrolytic action. Two glass 
cells placed in tint nuher ctusing contain zinc sulphate in 
solution. hi each cell arc immersed twt) amalgamated 
zinc plates, each pair being eonncctecl up in a shunt to the 
main circuit. These connections are arranged so that 
titVt main current jiasses through one cell, and one 

tenth of this amount, or of the whole current, passes 
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through the other cell. The amount of zinc deposited on 
the negative plate is the basis of the measurement. The 
negative zinc of the cell in the circuit of low resistance is. 



removed and weighed monthly by an inspector, while the 
corresponding plate of the high resistance circuit is re- 
moved less frequently and weighed by another inspector,, 
thus guarding against mistakes. The meter is provided with 
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an electric lamp, arranged in the hnver part of the casiiif;-, 
and with a thermoytat which completes the electrical cir- 
cuit tliroiio-li the lamp wdicn the temperature ol the nu-(er 
falls below the prescribed limit. The incandescent carbon 
furnishes the heat recpiired. 

In Fi^. 517 is illustrated the interior of tlie Itclisou c-tui- 
tral lij^htinj^ station at Harrisburg', Pa. 'Fhe dynamos are 
tlriven by belts directly from the ily-wheels of hij^'h-speed 
en^'ines. In some Hjj^htini:^ .stations, dynamos very much 
lar^'er than those here shown are employed, 'riieir anna- 
tures are mounted upon the crank shafts of hif^’h-speed 
c'u^'ines. Some t)f these armat.urt!s weifj;'h over lour toms 
and recpiirc 130 hor.se power each to drive them. 

ALTERNATING GURRI-'.NT SYSTEM. 

In this .sy.stem the lamps are supplied with a secamdary 
altenuitini>; current prodmxul in an induction coil by a. pri- 
mary current from an alte.ruatiuj^* dymim*). 'Die j)riuuiry 
'juri'ent has an electro-motive forca^ of i,cxjoto 1,100 volts, 
while' t Inmstaiondury current has an eU'Ct ro-mot iv(‘ force oi 
only 50 volts, d'lu^ induction coil uscal to convert currents 
of hii^ii F. M. 1 '. to (uii'rents of low F. M. 1 '. has rc'ceived 
different name's ill different .syste'ins. In out' it is a se'coiul- 
arv _e,'enerator, in auot her a. transfornu'r, and in another the 
one here described — it is known as a. e-oiivi'rti'r. 

The eurre'iit of hit'll F. M.F'. may bi' ee'onomically Irans- 
mitte'd to points far distant from the fi;e'ne*rat infj;' station, 
whi'i’i' tlu'y may be used to indiiei' euri'ents of lower F. M. 
lb adapted to incande.see'ut li^htiu^-. 

'riie Westing-house .system, which is illustrated in Ihc' 
accomiianying* cngraving'.s, has be'en largely introducc'd, 
both in this country and Furope. 'I'lie dynamo used in this 
system is the invention of Mr. Stanly. It: is shown in Idgs. 
5 iH and 5 Ip, the hrst being a side; c'h'vatiou, .he second a 
front, sectional elevation. 

lJ[ion the bed ]datt', A, is adjustably mounted the frame, 
IP, of the; held magnet. 'Phis may be moved longitudinally 
on the base by means ol the .si-rew, c, provided with the 
handwheel, .Sixteen magnet cores, /', project inwardly 
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from the I'ranu*, H, on radial Hut's mt'otlni;' in the 

aNi.s of the armature. 'Hhe hold m.U4nrt ethls an- {<!aeed 
on the cores,/, and securcil Hy ct»ilars, ,j,a 'riu- tiehl uiaL^net 
is excited bv a direct current fn)m a sepal att* uuu hiue, 

Tlie held magnet connections art' made so as to protluee 
N and S poles altcriiatclv , entirely around the t iia ie o! tin: 
niULi'nct. 




/V" A, 1 ‘-1 
/ ' / *"' f' ■■ 


' // ■ A \ 




i s-e- ' 


if Y 


N</.; 


■I 

Mca 


j / 




Hiilu Vlrw *4 llut \Vr%litt|;|p»U^r U%\i. 


'I’htt etnat of thtt armatiin* ol this maehine tiuisists td 
a cylinder built, up of disks of tliiu sheet irtnu iusidatetl fiom 
eacth other and chunpetl firmly to*,(e{her, Aitmufl the t ii- 
euinfercncc (»f the cylindrical I'ore are ai nuiip-tl flat t ««ils uf 
wire, one layer deep. 'Phese coils art' thoroui^hlv instdatetl 
from the core and provided tni the outer side with an insu- 
latirifif covering’ of mica. 
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'The ends of these coils bend down over the sich's of tlie 
core and arc clamped hv aimulai* plates, d'he coils art; con- 
fined in position on the periiihery ol the armature liy wind- 
ing's of ])iano wore. 

'fhe arrangement of the coils ol the armature is shown 
diagrammat.icallv in Fig. 520. It will lie secai lhat the coils 
arc wound alternately in o\>[)osite directions, and that there 

Fi(’.. 5K.). 
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Front F.lcvation of Dyiuinio. 

arc only two terminals for the entire stn’ies of ('oils. 1'lu'se 
are connected wilh two rings carried by the armature shaft, 
hut insulated from it and from cac'h other. A collector 
brush touches each ring, d'he conductors that convey the 
current are connected with these brushes. As the arinaturt* 
coils aj)proach the magnet poles a current is set up in them 
in one direction, which is reversed as the coils leave the 
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[)t>lc*s iiiul approach llu‘ iicxi jittlcs nl the sfaics, 
which arc ol a dilfcrcul name. 'I’hc.s - tt-vcisals nl die t nr- 
rciit nt'ciir with n’rcal rapiility. The ct nu erter, whit h isflu* 
essential leatnre of the system, is sluwvn in tme tnrin in h‘i^, 
5^1. 'I'his is a reversctl induction t nil, e.. its piitn.ir\' wire 
is small anti of ^Tcat leui^tii, whih* its secondary is iar|4t' anti 
com]»aratively sluirt . 

'I'his t'onvertt'r is fontied of twtt oblong ctiils ot itistd.ited 
wire in which are inserted tlu* tontines til M shapeti piect'std 


Kt>.. S'". 



tti.im.uii nf Ariu.aiiir t'"il*t Itiii t "?»«!«•> tirni*.. 


sheet iron Irtnn opposite sides til tht* e«»il, that the p.tr.dlel 
arms ttt the Ivsoverhi]> each t>ti!er within and without the 
coil A more recent arraii^'etneiit of theimn plates is shown 
in Id^, 5--) whieli is a tranverse sei tioti ol flu* ttmvrnfer 
now' used. I lu* plates are lortnetl t»l a simple pietf, willt the 
eenlral tono-ne separated by sUis. / /, I hr uini's, f{ /.pthus 
fonued ;ire bent backward toward the emls of tin- plate 
while it is beiuf^; inserted in its plac e in f he coil. They are 
afterward returned to their orii^dnal position. 




The Couvuilcr. 

P S, are provided with fusible vStripa, for protcctinp^ the 
circuits, and with switches, Jl i, for connecting and dis- 
connecting' the wires. The fusible strips and switches a!::e 
protected by both glass and metal covers. 

The converters arc commonly made in three sizes, 
adapted to supply 40, 30 ^ 20, 50-volt, 16-candle incandes- 
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cent lamps each. Larger and smaller converters have been- 
made. It is stated that the efficiency of these converters 
exceeds 95 per cent, when the E. M. F.is reduced from 1,000 
volts in the primary to 50 in the secondary or lamp circuit. 

The ratio of the number of turns of wire in the primary 
to the number of turns of wire in the secondai*y should be as 
the E. M. F. of the primary to the E. hi. F. of the secondary. 

For example, if the E. hi. F. of the primary is 500 volts 
and the E. M. F. of the secondary is required to be 50 volts,. 


Fig. 522. 



the primary will require ten times as many convolutions as- 
the secondary. 

The relative arrangement of the primary coil, P, second- 
ary coil, S, the dynamo, D, and lamps, L, is shown diagram- 
matically in Fig. 525. 

In actual practice the converters are arranged near the 
building to be illuminated, on the poles which support the 
line wires, as shown in Fig. 526, or they may be placed on 
the wall of the building, in the cellar, or in any other conve- 
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The lamps used in connection with this system are similar 
to that shown in Fig. 512; but in this case the high resist- 
ance filament is heated to incandescence by a rapidly alter- 
nating current instead of a direct current. 

THE STOR.^GE BATTERY SYSTEM. 

An important method of distributing the electric current 
for illumination and other purposes is that in which storage 
or secondary batteries are employed. In one respect this 
system has the advantage over all others, i. c\, in having a 

Fig. 526. 



Diagram of Lighting Circuits. 

reserve of electrical energy which is available at any tim 
without dependence upon machinery of any sort. 

A storage battery cell is a chemical source of electr; 
energy of such a composition that, when exhausted by i 
direct action upon any translating device, such as an electr 
light, it can be regenerated or brought back to its fornn 
condition, by the direct action upon itself of an independe: 
source of electric energy. 

There is, in reality, no such thing as the storage of ele 
tricity, but what really takes place is a storage or accum 
lation of chemical energy or power for doing chemieal wor 
electrical manifestations being one of the results of sui 
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chemical work. A storage cell is one in which such chemical 
energy can be stored up by electrical action, and which will 
yield an electric current when such chemical energy is 
permitted to do work. An aggregation of cells, called a sec- 
ondary or storage battery, affords another means for the 
extended and economical distribution of electricity, and a 
system using such a battery as a source of electric energy 
may properly be called a storage system. It consists in its 
simplest form of a generator of electricity, a set of storage 
•cells or battery, and suitable translating devices such as 
electric lamps. The battery is acted upon by the generator 
of electric energy until it is charged or until it is put in a 
eondition to do chemical work. The generator may be 
quite weak and irregular in action, and the time taken to 
act upon the storage cells may be of long duration, but 
sooner or later the battery will be charged or stored, when 
it is ready to give up in its turn electric energy. 

The charging current is discontinued and the battery 
connected with the translating devices and allowed to do 
electric work until exhausted, when the cycle of operations 
just described is repeated, and this may be continued indefi- 
nitely. 

It will readily be seen that by this means any source of 
power, no matter how weak or intermittent, may be made 
use of to store up chemical energy in such a way that it can 
be made a powerful and steady electric current, which is 
ready for instant use at any time. These operations may 
take place at widely separated places, the generator being 
at one place, the battery at another, and the translating 
devices at another ; these separate parts being located where- 
ever most desirable or convenient. Such a system as this 
admits of great flexibility, and can be used under very 
adverse circumstances, where other and more direct systems 
would be practically useless. In actual practice such a sys- 
tem consists generally of a central generating station, fur- 
nished with the necessary electric generators, which maybe 
of any approved form, suitable for the charging of storage 
batteries. Here also are located the boilers and engines and 
all the apparatus used in controlling and governing the dis- 
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tributiou of thi' oicftn'i' ninctit. Af fiiSN|H.ii!{ .j|| {f,,- 
trihiitini.'; c'irciiits ('<‘utrr at a I'Msunifu ‘.u i!« Lom.o .1. I it. 
station also taaitains itu' autoiualif n-uLil »ts aiul %a!rtv 
l-'rotn this point t lu* t lui! i o . u.i*, Ir.i»i fotlu 

storage' bat torii’s at (iillrroiit phn o-,. I lu- .r j,r of ani, 

point, wlu'ro it, is (U'siicd f o ll-.t’ ti.o rlr»|lU' t so ! rut .rid at 
anv <list:int'c from tin* jp'uci at iir; ‘.f.ifs.»sj. i in v nja\ !.» 
loi'alcd in any convt'nicnl posjii.uj in lh» t rllu ,>i flir lauld 
or outside in tlu‘ vat ds. < a . in !ai I . h ft* i r\ ri u t.ttn.sf 
cunvcuifiit to place them. 

'fiiH xi;\v 

I’robahly no invention ot irrmt \r,tss is ,,j fj 
electrical importance as 1 he nru .n t nimd.iti a « lut h 1 Inan.i-, 
A, halison has addinl to out -aoic o* eh, final {frini',, 
Throu},;'!! the courtesy ot the iuveut.a nr w. le euaitied 
to exaniine the battery, to piepajr tin- dj.sHnn-*, u bn h 
aecotnpan)' the present, tutiele, and to j*ur -.Mine addifiomil 
intonnation which mav ptove ot iuieie .f, 

h'or the new cell an alea-nee ot dro norafiou i*. i laiutrd 
which 1ms never betm chaiai tei i-4te ot the mo-a appsoi rd 
lead batteries. Its stora|L:e eapai it v }*« j unit of ma-.s js >..od 
to be unusually lar^'e. 'l‘he time le.fimrd loj t Inu-iisi* and 
di.seharo;in|,^ is exceetlin|»ly ebon. lothrM* un nf-. mie.l i*r 
a<!ded cdieapue.ss in mamdat tui e and dusabil{f\. I'hr tier, 
alive pole or positive (deimmt and the |«osjft\e po!«”i,i nr j. 
alive element are both .similar ist fi.,u und ies|,ri i 

ively ('otuyoscal of iron and %up« jM\jdr of nu L* I. When 
tdaecfl in tluuV contaiiiin^a'cll ti#e pl.iit ■, air ■.rp.iratfd bv 
sIk ( Is (d ^id Li pint h»i. 1 he cdri fiidi fr o| iIju* nil !%«'! 
battery is a .soIuti«m ‘d potaHHusiu io, di.'\id,r. I ,u h pl.tir 
consists of a sneet o{ steel, o ..- :„<4 iui h m fhu kne-r-., pn toi aird 
.so as to form a ^-ritl with reetanediln Ju.lr-., .e. s|,.ra n m I ir , 
5~H, In e«u,.h opening ot the ^pid .i po* k» t or '-.halhn^’ 

5J(). containinj^ theaetiw- inaten d i . plarrd. In oi ln* 
to enable the electrolyte to r'ra* It tbr .u fnr matn nl, flu- 
boxes or pockets are peiiorate»| lufh jiianv h-l, *. '.o . to 

form a kind of screen, which althon-i, it , fi„- .» lur 
nKitC 2 ii.il, jjciinits the free I'ldraiHt* of fiir riet irMbfi^ 
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The plates are hence packed as closely together as possible, 
because there will be less resistance and less weight. 

The initial voltage of the discharge is 1.5 volts; the 
mean voltage of full discharge is approximately i.i volts. 
The storage capacity of the cell per unit of total mass is 
14 watts per pound, or 30.85 watt hours per kilo. The 
mean normal discharge of the power- weight per unit mass 
of total cell is 4 watts per pound, or 8.82 watts per kilo, 
corresponding with a noi'inal discharge period of 3^ hours. 
At a high rate, however, a cell can be discharged in about 
one hour. Charging and discharging rates arc the same. 
Overchargi.og or discharging affects only the electrical 
efficiency. No active material is ejected from the bri- 
cpiettes even under deliberate overchai'ging and discharg- 
ing. Whatever gas is produced appears e.Kternally. 

Changes of tem|)crature seem to have no effect upon the 
cell. The electrolyte does not corrode any of the ])arts. 
The electromotive force being below that necessary to 
decompose water, no local action a[iparcntly occurs. Mr. 
kdison claims that a charged or dis(.;hargetl ncgalive nickel 
plate can be removed from the working cc^ll and dried in 
the air for a week, apparently without injury, and that when 
restored its cliarge seems practically uudiminished. On 
the other hand, the positive iron plate if sulijected to sim- 
ilar treatment soon loses its charge by the oxidation of the 
spongy iron, with a liberation of heat and an a[)preciable 
rise in tenpicrature. When re[)lace(l, however, in the cell, 
the storage capacity of tint plate is unaffected on recharge. 
According to Dr. Kcnnelly’s papew read bidore the Amer- 
ican Institute of Electrical Engineers, Mr. Edison hopes to 
manufacture the new cell at a cost which will not exceed 
that of the lead battery.— ^V/evz/Z/A- American, 
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Tlu' h(JXt‘s or ptK'kt'ls ci insist t>t [irrUiratciI tTUfibh’ stcrl 
cut fnini a Itiii^ sttiji iiu h tha k. lo ht tlu'st* lii»\fs 

the active material is hythaulieaUy laitiipn-ssetl in tlu* imin 
of britiuettes. 

'riu' positive briquettes an* taanposeal <5f a linelv tlividctl 
c'omiKUUul <»l iron anci a lu'arly equal vtilutne «it thin llakc’s 
of "Taphite. 'I'lu* negative btii[m-{tfs are etuupimt'ti nl a 
I'mely-tlividcal eoaqumtul nl iiiek«-l aiul an ecpial ([uautitv til 
line Hakes of |»Taphite. lu both plates the ^^paphite tbtes 
iu»t ent<'r into auv ot the eliejuieal aeliiuis, but tuejelv assists 
the eoiuluetivit v ot the briquettes. The iron and uiekel 
troinpoumls used an* obtaiuetl bv spet ial elieiiiieal pioees^-es. 

Eueh britjuette when placed in its lin\ is cove!(*<i b\ a 
lid titled ov(*r tiu* box or pot kef, so that tlie buipn tte is 
clo.st*lv t*aveioped on till siih’s. rims piepared, the boxes 
are placetl in flu* opeuiui;s tir holes ot their K'spta five I'litls; 
and the ass('tubl(*d plates are theieupou stdijet tetl tti a 
hv<lraulu‘ pressure ot some n**' toits in ordc‘r to ehea* tin- 
boxes ami to force tiu*ir metal sitles over tlu* adiat enl sitles 
of flu* rec(*sses of the steel id. A siueji*, solid sh t l plate 
is thus pie»duct*tl. Both jp ids and Imxes an* uicki-1 platr*t! 
in <inler to .secure* ^^ootl eletfrit*al coum*rlion b{*f\veeii 
them. At any p«unt the tuaxiniuin ^rid thickness, alter 
hydraulic pressure has l»{*en applietl, is inch, the porket 

thiekuess beinj^o.i ifu h. ‘I’he eetl in whieh flu* asstunbled 
plate.s are contained is eomposed of sliri't steel ct»iit.didnp, 
the jiotasli sidntum. 

'riu* ehar^in^ eurreTit deoxitiizes tlte iron cotupound to 
spouj^y metallic iron anti c«mvrvs ox\yien thnnq^h the elec 
trolyte to the nitkel taunpomul, fuimtii|^ a hyperoxide td 
uiekel. In discharging, thci curn'ut passes froiti tlu* positive 
pole and through the external cire uit to the negative* pole 
and its attached iron or p(»sitive platt*, and then through the 
solution to tlm superoxide plate, caiming the owgen to 
tn<ivc hack against the earn cut and partially to rr-ducc* the 
nickel to .snperoxide, and t«r oxidi/e the ^qiongv iron. 

Since tlm potash solution tlu-orefically ser ves as a rsne 
veyor for the oxygen, the amount of solution required is 
merely that which is sufficient ttr wet the negative mater ial. 
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The plates are luniee packed as closely tojj^ether as [)ossible, 
because there will be. less resistance anti less weight. 

The initial voltaf^'C of the discharg-c is 1.5 volts; the 
mean voltage of full discharge is a{)proxiinatcly i.i volt's. 
'I'hc storage capacity of (he cell per unit of total mass is 
14 watts per pound, or 30.85 watt hours ])er kilo. The 
mean normal discharge of tlu; power- weight per unit mass 
of total cell is 4 watts per pound, or 8.82 watts ])er kilo, 
corresponding with a normal discharge [>eriotl of 3A hours. 
At a high rale, howt'vcr, a cell can be dischargetl in about 
one liour. Charging and discharging rates are the same. 
Ovi'i'charging t)r discharging affects only the electrical 
eflicit'ncy. No active material is ejected from the bri- 
([uettes even under deliberate overcharging and discharg- 
ing. Whatever gas is produced appt'ars externally. 

Changes of temperature; secun to have no t;rfeet upon the 
cell. 'I'he electrolyte' doc'S iK>t corrode any of the ])art;s. 
'riie eleeh romotivc fore't; being below that nt'c'essary to 
de'compose. watc'r, no local action a[iparent ly oetuirs. Mr. 
hdi.son claims that a charged or di.scharged negalivi' nie'kel 
plate can be remove'd from the working e'cll and di'ied in 
the air for a week, apparently without injury, and that: when 
re'stored its charge seems pracrtically undiminished. On 
the other hand, the positive iron phitc if subjected to sim- 
ilar treatment soon lose's its e:harge by tin; oxidation of the 
spongy itt)n, with a libc'ration of heat and an appreciable; 
rise in temperature. When replaced, howt'ver, in tin; cell, 
the storage; capacilv of the jilaleis unafTeetted on recharge. 
According to Dr. Kc'imelly’s paper read bi'fore the. v\mcr- 
i(;an Institide of Mlectrical Mngineers, Mr. luiison hopes to 
manufaeture the new cell at a e*ost which will not exceed 
that of the lead battery.- Scit'uiijic Amerkau. 
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CIlAl’ ! l-k ll. 

iN’iMir rii»\ itN I i.im tri*' ‘ I uui':xrs. 

i ill i\hi t ri. i\ ( I HI . 

l''ai‘;ula\ I t'l'iM I ill a t»a!vaiti< l urrrn! was 

('Upablc (ft iiitluritii; ttf jirr lau rinils in u in s Uf It Imt imf in 
t'ontai t u illi ! hf t-nudui h tr « tl t lie primal \ i^aU aiiii" t tin rat ; 
tlu'Sf lu* uamctl .,v/ /«/,•/» <*/ h,nt, m , it > . 

Sinit’ llu' tlisfttvtnv *>1 I'armhn , t hf pln’iinnuaia <>1 iu., 
(liK'titiii have iiffti I’shiliitntl \\y man\ Imnis ni appaialus; 
1 ml ihr most sinking lAamplf uj iiuim tivs' aft it m is all* irtlcd 
iiy (Ilf iiulm ti«Mi t tiil, m imimit »i iuni. 

In 4 |S is illusf lalt'ii a imMhotlnl piutltn ins’, tint ruts 
in a coil by iiistatini; a jHH'mammt maynt l intoilH' t i»il ami 
rt‘iuoviuj4 it (lificlrom. In llm indm liou tuil an flrotro- 
iuaj4;nft is ut'run^tnl pft niatH'ii! I\‘ within a tuil «»{ inu' wire, 
and (he inductive fUtHtl is sfcnri’il by inicnnittinc, the cur™ 
rent in the comluctoi tit the electroamu'mH. I he ctimluc- 
lor ol the (‘lectni inaiinet is know n as tlm |iriniat\ coil, ami 
the line w ire coil iiiclttsinii the in iinarv is know n as tlie set;- 
tmdary coil. 

‘riiere are twai methmls ot luakinti'tin intlnctitm i miI ; the 
simpler, t'heapet , :iml pmhajts the best will be destiibed in 
connection with tlie at fotnpanviny eni;ravini;s. winch, w ith 
the exception ot b*i|». t'xacth three. eighths at tual 

size, and maybe nse<l as uairking chaw iie^s tiom width to 
con.stnict (he instruiuent. Id^. 5.n»is a plan view. Idit. u 
is a central, veitital loniiitudiiial se* tiim, Idi;. lepre 
sents the under sith* o{ tin* liast*, in plan, .ind the eumlenset 
in persp(‘ctive, and shows (he ct unset I ions. 

The troil t'onsists tif two [lorlituis, tin' inner m ptiinaiv 
and the outer or secondary. The primai > ctiil, t t Mtedsis tit 
two layers ot No. to ctU tomcovcretl t/opper wire, whsih is 
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wound Upon a spool composed of the thin paper or ^ 
tube, A, and the heads, BB, which are of vulcanite 
varnished hard wood. The tube is inch internal di: 
and the heads have each a central hole of the san 
These holes are enlarged or counterbored to receive t 
of the tube, A, which are glued or cemented there 
the head, B', there are two small holes near the lar 
tral hole, for the terminals, c d, of the primary coi 
of these terminals is put through the head before th 
ing operation is begun ; the other, after the win 
finished. 

The primary coil must now receive four coats o: 
rately thick alcoholic shellac varnish, each coat being, 
to become dry before another is applied. When • 
mary coil has become thoroughly dry and hard, it 
ered with three or four layers, D, of stout cartridge 
which is fastened by a little gum along its outer edg 
paper covering must fit between the heads, BB', p< 
and must be well smoothed and rounded, and varnisl 
shellac, taking care to cover the joints at the ends, £ 
to varnish the inner faces of the heads. The se 
coil, E, consists of two sections separated by an in 
medium, G, which is applied in the manner present! 
described. The coil, E, is of No. 36 naked copp 
the two sections being connected at H. 

The winding is best done in an engine lathe, t 
being allowed to pass through a fine guide in the tc 
and the screw-cutting gear of the lathe being set as 
ting a very fine thread. The different convolutions of 
should be as near together as possible without t' 
To accomplish the same thing in an ordinary foot 
piece of quite thin brass should be bent together in a 
and the wire should be allowed to pass through the 
thus formed; the thickness of the metal will regi 
space between the adjacent- coils of wire. The 
begins at the middle, leaving the terminal, H. 
of the heads is reached, the coil or layer formed is 
with three thicknesses of quite thin writing paper, 
of which is fastened with a little gum. The windii 
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fine wire is now continued toward the center of the coil » 
when the second layer is complete, it is covered as in tlae 
■case of the first coil, when the third is wound on, and so oii 
vintil it is about 3| inches in diameter. The secondary wir**^ 
should not be wound close to the head, a space of about 3^8 
I inch should be left. After winding one of the sections ol 

; the secondary coil, the other may be proceeded with, tlae 

'i winding being done so that one section may be wound as o. 

S continuation of the other. The inner terminals are com- 

i| nected at H, and soldered ; the outer terminals are coia- 

ij nected with the binding posts, F, which are screwed into tlae 

upper edges of the heads, BB'. For the sake of strengtla 
|| the outer ends of the secondary wire may be four or six: 

I sizes larger than that of the coil. The outer layers of fine 

wire are each partly covered with a paper band, consistinjg’ 
i of six layers of writing paper, which is wide enough to 

reach from the head over about two-thirds of the coil sec- 
f tion ; the whole is then enveloped in a wrapper of stont 

}| paper, having a hole directly in the middle at the toyi, 

il through which is poured melted resin to which has been 

I added a very small quantity of beeswax. 

I This forms the insulating medium, G, which prevents tlie 

l| spark from leaping from one section of the coil to the other. 

I* After the resin cools, the thick paper is removed and a co\r- 

I' ering of smooth heavy paper is neatly put around the coil, 

' and upon it is wound as closely together as possible cona- 

( mon smooth-finished black thread. This latter is not essen- 

j| tial, of course, but gives, the coil an excellent appearairce 

!f and forms a really good covering. A thin sheet of htvx’dl 

I rubber or of zylonite forms a good cover. 

In the tube. A, is placed a bundle, I, of No. i8 soft iron 
wires. They should be straight and of the same length, aiid 
I their outer ends especially should be exactly even. The con- 

!* tral hole in the head, B, is stopped by a wooden plug or bxit- 

ton, J. The base, K, consists of a wooden box, neatly made, 
and the size of which may be readily obtained from tire 
i engravings. The coil is secured to the top of the box, a lit* 

I tie nearer one end than the other, by two screws, a b, wlricln 

|j ' pass upward into the heads, BBh Near the head, B', there 
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is a brass slaiuUircl, c, to which is secured one end of the 
sj)riiig, y, that supports the armature,/’', exactly opposite the 
center of the wire huiulle, I, and about inch distant from 
it. Opposite the middle ol the spring, /, and inch fi'om 
it, there is a post, //, through which passes the platinum 
pointed screw, o, which touches a small platinum plate, 
riveted to the center the s[>rmg, /’, The post, n, is split 
longitudinally, and clamps the screw, o, with some little 
prt^ssure, to t'l't^vciit it from jarring loose by the vibrations 
of the s'pring, /. 

i'ht; comniutator, h, consists of a vulcanite cylinder on 
whiiii arc screwed two co[)[)er bais, / m, one of the screws 
t)f the bar, /, t:oining into contact with the pivot, and one 
of the screws of the bar, ;//, coming into contact with the 
pivot,//. The pivots, //, turn in ])osts, t j, which spring 
against the, sluiuLdcrs of the pivots to insure a perfect con- 
tact. Tlic ])ivot, //, is elongated and provided with a vul- 
canite handle, /•, The binding posts, r s, are connected by 
cop{)er s[)rings,/' y, with the copper bars on the vulcanite 
cylinder. 

In tlu^ base of the instrument is placed the condenser, M, 
which is cou!i)osed of sheets of thin tin foil alternating in 
position, us shown in Fig. 532 — the ends of the sheets, O, 
project ing beyond the sheets, P, to the right, the ends of the 
sheets, P, projecting beyond the sheets, O, to the left. The 
sheets, O, are insulated from the sheets, P, by sheets of 
{)aper, N, whithi have been coated with shellac varnisli and 
well dried. While the .sheets, O, do not touch the sheets P, 
tlui hit! c;r arc all connected together at one end, and are in 
electrical connection with the wire, Q. Similarly the sheets, 
(), arc' connc'cted with tlie wire, R. 

A piecT'. of ]xisteboard, v, is placed upon each side of the 
condenstu' thus formed, and the whole is fa.stcncd together 
by tape nimiiug around it in two directions, and the con- 
denser is held in place by bits of cork, 7C', which are pre.sscd 
by the bottom, X, when it is in its place. The condenstu' 
has forty SCI uare feet of tin foil surface. The connections 
are made as follows; 

The battery wire.s arc connected with the binding po.sts, 
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r T, the curi-ent passes through the s]3rings, /> bars, / 
pivots, g h, to the posts, i j. The post, j, is connected 
directly with the terminal, r, of the primary coil, C. The 
post, z, is connected by the wire, /, with the post, and tlie 
terminal, d, of the primary coil is connected with the })()Sl., 
c. The battery current passing through the primary coil 
renders the wire bundle, I, magnetic: the armature, is, 


FlCr. 532. 



attracted toward it, breaking the electrical connection at the 
end of the screw, r?, when the iron wire bundle loses its 
magnetism, and the armature flies back until t;hc vSpriiig, y, 
again touches the sqrew, ^7, when the arinatxirc is again 
attracted, and so on. When the current is broken in ihis 
manner, if the condenser be detached, there is a, large spark 
at the end of the screw, 0, as the extra current is discharged 
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from the jiriinarv c'oil, but w'hcii the condenser is connected 
by the u'irc'S, O R, with the posts, r the spark is very 
muc;h decreased in iiilensitv, as the extra current is ililTused 
ill the condenser, and ihus iirevented fi'oin opposiiig" action 
of llu' prinlar^■ cairi'enl. 

'The binding;' posts, ly have each two holes and two biiid- 
iu<^ screws. One si't of holes receive the pointed rods, S, 
tlu‘ other the eondiuhiiii^- win'.s, 'lb 'I'his coil, if carefully 
made', will, wlu'n llu* ('iirrent is interrupted, f;'ive a spark 
rA inches lonj:;' bet ween the' points of tlie two rods, wS, by 
usiii”- two lar^'c (li'c'iiel battery cells. 'I'lie current may be 
re've't'.sed by tui-nin^' tlu' pole clian^-er or commutator, L, 
throuf^'h a hall revolution, and it may be slopjied altoj^cther 
by tunnn;^' tlu' bars, / w, out of contact with the spriiif^s,/ y. 

It reepiires a little luoi’e' than a pound of wire for both 
si'ctions ol the secondary coil, but, of cour.se, the quantity 
will vary sonunvhal with thc^ iiuinner of windinj^. By 
observin'^' tiu' pro[u)rlions ^.j'ivc'ii, ('oils of other sizes may be 
niad(' from these di-awinjL;'s. 

Another nu'thod of const riubion consists in windinjj;' .silk- 
iiovered wire entirely across the spool, and insulatin,i;' each 
layer by a coating of shellac and two or three thicknes.ses 
of paper coated with shellac varnish or melted paraihne. Still 
another method consists in nuikiufj^the secondary coil of very 
thin sections, and insulating the sections one from the other 
by disks of hard rubber, hut the [ilan acre fi;’ivcn is undoubt- 
edly the easiest, and a coil made in this manner g'ives g’ood 
results. With it most, if not all, of the experiments usually 
performed with induction coils may be accom})Ushed. 

For example, it will charge a Leyden jar, (leconi|)ose 
water, explode blasting' cartridges, light gas, exhibit the 
phenomena of electric light in vacuo, and may be used in 
many very intere.sting experiment.s. 

KXI'KRIMMN'rs WITH THK INDUCTION COIL. 

I'hc Spark between the [loints of the wires that extend 
from o[)po.site ends of the coil toward its center is of itself 
intere.sting. It is in fact a miniature discharge of lightning 
•of which we have entire control. 
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When the points referred to are as wide apart as allOAV- 
able within the discharge limit, the sparks leap rapidly froin 
the one point to the other, giving a vivid light, and appear- 



ing altogether spiteful. A piece of paper or cardboard 
placed between the points is readily punctured, and the cur- 
rent finds its way through mica, the surface of which it will 
follow in various directions toward the hole through which 
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it [)assfs, at uhifh [Kiinl tlu' spark is vrrv bri^^hl.. A 
sheet i)l miea about inehes, havini;' upon one side 

a shc'et nl silvtu' It'al j ■ iiiehes, mav be used in some, very 
pretty experiments. ‘I'o apply the* silvm* leal t.o the suiiac;c 
ol the mica, it is only iu‘C(‘ssary to luoistcm the latter with 
the ton^'iu* and tlu'u lay on theUxif. \V"heu the sheet ol 
mica, thus prepared, is phu'ed, silveix'd side down, from 


Rularv 


to % inch from the rods, which are c*onne(hed with the ter- 
minals t)f the secondary coil~as shown in I'iji^. 5.yv the sptirk 
leaps downwai*cl to tiie mica surface, and then travels in a 
tortuous route to the vicinity of the {)oinL of the otlier rod 
and letips upward. 

These sparks follow each other in such rapid succession 
that the mica appears to have several sjjarks traveling- 
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across it at once, but such is not the case. Only a single 
spark traverses the mica at a time, the impressions of the 
successive sparks being retained on the retina a sufficient 
length of time to cause the several sparks to appear as if 
simultaneous. Bj’' placing the mica plate in contact with 
the two rods, the spark may be made to travel further than 
it would otherwise. separating the rod somewhat more 
than the length of the spark and placing the mica from yg 
to 14 inch below it, the current will be diffused over the 
mica surface in radial purple streams. When one of the 
rods is allowed to project considerably over the silvered 
portion, of the mica, and the other is allowed to project over 
it but very little, as shown in Fig. 534, the current escapes 
to the mica surface in purple streams and is 
diffused in all directions. 

When a piece of glass is placed between 
the points, the spark will be deflected and 
pass around the edge of the glass. When a 
candle flame is placed near the path of 
the spark, this diverges toward the flame. 

The current will travel in all directions 
over a surface sprinkled with any finely 
divided metal, and will deflagrate some of 
the particles of the metal. 

By connecting a wire with one terminal Experiments with 

T n.ir 

of the secondary coil, and allowing its free 
end to dip in a glass of water, and placing a wire connected 
with the other terminal near the surface of the water, a 
spark will be obtained from the water. By incasing each 
of the terminal wires in a glass tube — leaving only the 
end exposed — and dipping the two wires thus incased in a 
glass of water, with their exposed ends near together, a 
vivid spark will be seen to pass from one wire to the other, 
showing that the spark is not extinguished by water. 

A rapidly whirling disk, Fig. 535, as viewed by the dis- 
charges of the induction coil, appears stationary when the 
passage of the sparks and the passing of the radial bars of 
the disk by a fixed point occur simultaneously. This experi- 
ment exhibits the great velocity of the electric spark. 


Fig. 536. 
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By increasing the speed of the disk, or reducing the rate 
of vibration of the interrupter, the disk appears to set up a 
slow retrograde motion. By decreasing the speed of the 
disk, it appears to move slowly forward. 

A speed may be reached at which the two series of 
radial bars seem to rotate in opposite directions. At 


Fig. 537. 



Gas Pistol. 


another speed the central series rotates while the outer 
series stands still, and the black spots turn in orbits of their 
own at the ends of the stationary bars. 

A Leyden jar being placed on an insulated table, K (Fig. 
536), and having its inner and outer coatings connected with 
the poles of the coils by wires, p q, adds greatly to the inten- 



sity of the spark between the pointed rods connected with 
the coil. The jar may be charged by insulating it and con- 
necting one of the poles of the induction coil with the ball 
of the jar, and placing a wire connected with the other pole 
a little distance from the outer coating. The jar may be 
discharged with the ordinary discharging rod. 

By placing between the secondary wires in the path of 
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the spark any hig-hly inflammable substance, like gun-cotton 
or common cotton sprinkled with lycopodium, it is read- 
ily exploded. Ether and the light liydrocarbons may be 
ignited in a similar wav. A mixture of illuminating gas and 
air may be exploded by the spark by employing the gas 
pistol shown in Fig. 537. This consists of a small tin can, 
D, having a mouth fitted with a cork, and an insulated rod 


Fk5. 539. 



Apparatus for Decomposing Water. 


passing through one side and nearly touching the other. 
When this contrivance is filled with a mixture of gas and 
air, and the knob, A, is presented to one pole of the coil 
while the can is in communication with the other pole, an 
explosion follows. 

Stateham’s fuse, shown in Fig. 538, is employed in elec- 
tric blasting. It is simply a gutta-percha-covered con- 
ductor, twisted together and interrupted. It is buried in 




i w & 
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water. It consists of a vessel having' two plutimun poles 
connected with the secoiularv wires, and covered by two 
glass tubes suspended over them, 'riie vessel and llie tubes 
are hlkul with water acidulated with sulphuric acid, Oxy-» 
gen is disengaged at the positive electrode, and hydrogen 
appears at tlie negative. Tiu-se gases may be reunited by 
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placing them in the gas pislul and e\pluding- tluaii 1 >y a 
spark. 

The experiments already di'seriheil, allluuigh verv iutt-r- 
estiiig and instructive, do iio( conijiai'e in ,s|ilend(if with tin* 
class of experiments in whieh the eleeliie ilisc harge juisseN 
through a rarefied medium. 

The remarkal)!e beauty and brilliam v nf the disohaige 
is, perhaps, best exliibiti'd [>}■ the well known (JeiH*^b-i’N 
tubes, several forms of w hich are shown in log. yp ». In 
these the color of the disehai'ge varies w>lh the \.tpor t ort 
tained by the tube, and it is also modilied bv (he cptaHt \ *»1 
the glass composing llu* tube*. 

Ill Fig, 541 the magnifieent s( riie \,'hieh an* piodm iti 

t'u:. 541. 



these tubes arc n^presenled. 'riu'si' sti'ia* varv in shape, 
color, and luster with tlu^ degree of vaeumu, the dimrusiMiis 
of the tube, and tlie natun‘ of the gas or vtipor thi«nigh 
which the disciiarge takes phiee. In this ligure tin .* %tri.e 
given by hydrogen are repn'senled. 

The electric egg, shown in log, is simply a iargr’ rgg 
shaped glass vessel, having a stop cock for atfa<*hing ii to 
an air pump, and provided with a sliding rod at the and 
a metal rod at the bottom, wdiieh terminates in a bull ami h 
in metallic connection with the base. Tht; air lietuig v\- 
hausted, and tlie ujiper and lower rods Ijidng i“t)nne( teti w ifb 
the poles of the induction coil, (he light tuft bet\ve(:''ii l!ie 
two rods will a.ssume on ovoidal form, and will nine 
more nearly spherical as (he air liecomes more rare. WIt«*u 
apiece of metal is pre.sented to the side of the egg, cut*'' 
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rent will be diverted from its path and How toward the 
sitle of the e^'^', as vseeii in the lignire at the; left. When the 
glass globe contains a small portion of the vapor of alcohol, 
na})htha, or any Hg^ht liydrocarbon, the character of the 
light is changed, being stratified, as shown in the central 
figure. 

The experiment known as (lassiol.’s cascade (I'ig. 543) is 


! 












very beautiful. A goblet coated wiili tinfoil, after tlie man- 
ner of a Leyden jar, is i>laced in a vataium. 'I'he indiu;tion 
current is carried to its bottom by tlu* wire jiassing' through 
tlie cap of the air bell, 'fhe other ele( 4 rode being in coin- 
immication with tlu; air ]>ump plate on which the apparatus 
stands, wlien the current is established, “ the g’oblet oyttr* 
Hows like a fountain, with a gentle ('ascade of light, wavy 
and gauze-like, falling like an auroral vapor on th.e metallic: 
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The beautiful experiment illustrated in Fig. 544 is due 
to Mr. Reynold Janney, of Wilmington, O. It consists in 
passing the discharge of a Wimshurst machine or induction 
coil over a board covered with tinfoil divided into ^ inch 
squares. The discharge splits up into many branches, each 
of which resembles a miniature lightning stroke„ The dis- 


Fig. 544. 



Janney's Lightning Board. 

charge from a coil like that just described will readily’- pass 
over such a board six feet in length. The best method of 
making this apparatus is to appl}’’ two or three coats of 
shellac varnish to a smooth pine board, allowing it to be- 
come thoroughly dry, then applying the tinfoil and causing 
it to adhere by passing over it a warm sad-iron, which melts 


Fig. 545. 



Word formed by Sparks. 


the shellac so that as soon as it becomes cool the foil is 
firmly cemented to the board. The squares arc formed l>y' 
cutting througn the foil longitudinally and transvei'sciy'' by 
means of a sharp knife guided by a straight edge. 

In Fig. 545 is shown a word formed by sparks Iccaping- 
over spaces in a narrow strip of foil. The discharg-e pro- 
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(lu(’t‘S luiiuutiits t'lfc'ils a(, tin* inU'nupl ions only. By a 
carclul arrauRa'iiuail ol llu' iiitt‘ri'u[il cil and iininlc*i‘i’n[i((‘(l 
slri[)S ot tinloil, alnmsl an\' dnsli^n capable of hcin^n' formed 
in outlim' may be prodneial in l)rilliant Inmiuous liiu's. 

AT n u;k M'lis OK 'rill'. man -ruK' srAKK. 

l‘'.lee( rieil y <it very Idj^ii (ensi<in, udien disc'hai'n'ed on the 
sui lac'e ot a body liavim;’ \ cry l«»\v eondmi i\'il forms a 
iiiininons arboi'eseeni imap,e, sliowinjj;' tin* path of one or 
inott* ot the sparks resnllinu,' li'oin the disehar^t*. The 
<*natie eonrse taken lt\* the* spark ma\' be dm* to tin* eom- 
pressiim ol ail* in tin* path ot t he dis<'hari4;t'; or to the snpe- 
lioi eondnel inj; power ol some portions 
<il the etiiidnetor, or to both. 

Tin* atito<^'i aphie record o( sneh a 
discharge* is sometimes fomnl on (he 
bodies o! persons strnek by lie'll I nin|j;*, the 
tree* like appearance ol the marks f^’iviii”* 
rise to tin* erroneous notion that, the 
Hi' lilninj4' in some way [iliolof^raphs nj»on 
the IkmU the imaja;'i* ol trees in the yieinity 
of tin* eatast rojihe. 

Doubtless the same marks nsi^'hl be 
produced u|)on the iiody by the <lischar^’e 
of a i loll/ mac'hine or a laii^t* induction coil ; but this is an 
e\pei iment bn* which it would be diillcuil to hud a subje«*t. 

I'i^p .vh’ is uu aceurale copy of a photoj^raph lakt*n frtJiu 
the ann of a Ihi\* who ha<l been struck by li,i;hlnin[j;'. ller<* 
the marks bear a striking’ resemblauct* to sonn* hirms of 
ve^'ctat ii in. 

Tin* writer in striving* lo sec*ure an autoj4'ra])hic record 
of hi|4h ((*nsion electrical dischar<j;’es tried a larj^c* number of 
hlms before* I'mdini^' (me suthcit*nlly elelicale lo be impr(*ssed 
by (he eltsiiiatyie ainl at the same time lutvin^* emm^h hrm- 
nt*ss lo prevent it from bi*in|4' blown away liy tin* spark. .\ 
thin him <4 smoke on ^lass, hsed liy means of ah'ohol, 
yielded the hrst results; but. the* dirhculty of .saturaliti|;’ (he 
him with alcohol without deslroyin^^* it was consiilerable. 
Idnally, a smoke tilm formed on ^lass previously coaled 





( »;u;siol*s < ’asc.ult’. 


48 





EXPERIMENTAL SCIENCE. 


very slightly with kerosene oil was adopted as the most 
practicable. The glass was prepared for smoking by smear- 
ing it over with the oil, then removing all but a trace, then 
smoking it lightly over a very large gas jet or over a 
candle. 

The glass plate thus prepared was arranged between the 


Fig. 546. 



terminals of the induction coil, at right angles to the ter- 
minals, so that the discharge might be directly against the 
smoked surface of the glass, as shown in Fig. 547. 

The coil employed was capable of yielding a i-| inch 
spark, and the pointed terminals were separated inch. A 
single spark, or what appeared to be such, from the nega- 
tive terminal of the coil produced upon the film a spot like 
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one of those sliown in l-'i”-. 548. 'i hese s[»ots, to tl® Mimiclcd 
eye, ajuu’ur like small holes thi'oui^’h tlu; filin ; ltt^; nucro- 
seopie examination shows them as ('om{)(«i^l of a 
her of very ca-ooked lines out out of t^|smokci3n, and 
stnuij^iy resmnhlin^’ a tuft of wool. sht)\\*s'ci!di|^urc 

jiroduoed hy a suooession of (likscdiai'ji^eslv f|gMrcs in- 

dic*ate the sjditt in^ up of t he tlistdiarg’o it^^*sc¥eiail 4 k^n(du‘s. 
It nii^'ht at first appear that tin; structure of li^^^would 
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have some tnllucmee <»n the direction of the dis<diarg‘e :md, 
(•«)iise(jueutly, on the character <ir Ihc- lines; hut the other 
marking’s shown art* so cluiracterlstic, anti so evidently inde- 
pejuient of the structun* of the film, that it; seems almost 
certain that the natun? of tlie niiu luul very little to do witli 
the direction taken by the spark. 

Im|4’s. 5.jH to 55-’, inclusive, are jdioto-niii’ro^raphs of vari 
ous marks produced in the manner de.seribed, taken under a 
maj^iiilication of io diameters, and tiie en^ravin^s of these 
elcctro-autoj^raphs are produced by plioto-en^^'ravinf^', with- 
out any additions or nuKlifurations whatever, so that faith- 
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ful reproductions of the original work done by the elec- 

trictil discharge are presented berewith. fhe ligurcs Hum. 

bered 548 to 551 were produced by the dischaijjc iioiii, tHc 
negative terminal of the coil, while the maiks shown in p'ig-_ 
552 were made b}'’ the discharge from the positive t.ci iniiiQ^j^ 
The sagittate forms of the largei nituks in^ Fig”* 5 5o 
are produced by a heavier dischaigc. The sagitlnte cnn^ 
bird-like forms shown in Fig. 55 ^ laie occiiii eiice, 


Fig. 552, 



Autog:raph of the Electric SparJr. 


but they arc of substantially the same nature as those 
shown in Fig. 550. Figures res.cmbling these have been 
seen in vacuum tubes, and sketched by Dc la Rue. Re- 
productions of some of his drawings arc given in Fig-. 553 ; 
I in this cut shows stride in which each section resembles 
an arrow head, the points always extending t<.)ward. tho 
negative conductor ; 2 shows the tendency of stria3 to 

become conical ; 3, 4, and 5 show sagittate f(.>rnis similar 
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lo timsf slutun in tlir auld^rmjtis, 550 and 551, hiil 

tlu' iina^^'t‘.s ni lluaii vaiiislu'd uduai tlu* lairrcnl laaist'd ; d in 
55. ^ slidws lunn.s laknn by llu' disc'harf^’c Tnnn llu' pttsU 
(ivc IcTiniiial in a vacnnin (iibr, \vhit:h have siibslanl iallv 
tin* SLUuc apjifarunca as tl\a marks slu>\\'u in k'ij;-. 55J. 

'i'u it |it‘t'uliari(ic'S ara- initiia'd in I lit* inai'ks in 55a, ont^ 
(he liinf^fitinluial j;'nutvt's in caich mark, (he (tlher l.hc 
evidences of ihc ricoi'lu'l ini^ nf llu'sptirk. 


Idti 55,:u 



l>e la Rue says: “The fjfases, in all prohubilit.}', re- 
coivr iinpulses in t\V{> dirct'lions, al rif>;'hl ang'lcs In caich 
nihrr, that frtnn tiu* nefjjative heinjj; tluMnuru camtinvams nf 
tlu‘|\v(j,'' 'I’lie aiitn^Tapluc records here shown seem In 
hear out this (lieory, sinta* all of the arrows lia\'e lateral en- 
larf^enients ami point toward the ne^^fative. 

'rite longitudinal j^'rttnviii^^s of the marks made by the 
sparks from the positive terminal are su)L;y!;estive of a tuvilti- 
pie diseliarf^-e. 
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IXM (Uc’.'l'inN liAl.A.M I'- A\I* \< 1 UnM i:'j‘i; K, 

Witli this apiKiraliis llu‘ i-niulilinii nl ilu' htairiiu-, a]ipa. 

ratus may lx.' asccrlaiiu'd. and llir In-arin.i^ i aiKu'il \ in.i\ lir 
ncciiratcly mcasmvd. Il lias \n-vn ili-tcrmiiu'd Ity ll“' ‘isr tt( 
this insl:rumcn(: llnil (luTf is a wide diliftvmr lirl\\i-fu \Ur 
hcarino- powers ol' diflrreiil individuals, and tlu«f llnie is 

often a'"uiarkcHlclilTcr(MU‘(- lu'tween Ilu- iuMiiuM |,Muri m| Uk* 

two cai's ill tlie sanie iiuli\'iilnal. 

While this use is very inleresi iii'p aniiisiii”. anil inshuef 

ivc, another ai>pliealion til tin- same jii iiu ipie is even imar 

woiulerfiil. I'i^s. 55 . 1 , 555- iodmiinii 

balance in a new and eonvenieitl hum. This insiinnu ni in 
capable of beinu useil in the same manner as thr Midinarv 
form, and liesides may be iist-d to disiiiutnish la-iureu 
metals and alloys by a method hithm to miknou n. 

On se.veral (u’casions the results ni the esanbisaf it m nf 
different metals by 1 his method ha\ t- lieeu leptJiitil hv I'ni 

fessor lliip;hes and otiu’ts u lio ha\e exjtei iiurntt-i I m fhi". 
direction. 

The coils, O, 11,11, O , are uttimd upon vpMMh. jPj 
inches in diaiaetcr, having' a iiu It htrh- }hionL;h fb*' « » ulrt 
lor reeeivinjj; the supporlinj.; inns, I, j. Tliesr %p.ittb. ato 
each wound witli .^50 hu-t i*l No, p‘ silk-euvot « «l e..j.ju-f 
wire. 'I'he wooden bars, I, J,are e.j nit aes buir., b«luerti 
the .stiuulartls that siipjiort tiiem. The\ pitijt-i 1 r!iit.in,;!j .» 
inch liolesiji the sbmthirds, atui are hehl in plm t- hv Innuto 
rubber vSprinjj;s, K, as .shown in h'if;. rids ,u i auio'uii-u* 

admits of inserting' objeels into the et»ils hotn t»i 

the instriinienl. 'Idie primary roils, 0,0. aitt- ni (Uitiif 
Avith the microplioiie, ly and b.itieiv, h'. ,uui are- s *tuureirff 
so that the, ('urrent traverses the et*ils in t.ppt,..if,- tlur* hims, 
and the secondary eoihs, j I, 1 1’, an- mnnet ted t l*v 

one terminal, :uk 1 with the telephone by (lu* otli» s, iIt 
coils bcinfi; wound in the same iliiet iit,n. The t mj|, 1 {. -diMulO 
be placed or ij inch Imm the roil. Op- and thr t..d, H , 
should be sintilaily tirran},jetl lu relatittn (ti the t lul, C» . lOHi 
the latter should be mov'etl itm* wav tu ilu- tUbi « uuti! thi- 

tli.slJllK'f.’ is lii:u|f |tr<(i.iintt.ii,(Uv mi cIm e m^oiv tut* 

tljo saku of clearric’SK. 
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ticking of the clock on the iiiicroplioiif is no longer heard ; 
then the inductive effect of one «)f (lie outer coils is i-\aelly 
balanced by that of the other. 'I'o disturb Ibis balance it is 
only necessary to insiert in one or Uk^ other o( (he pair.s ni 
coils a coin or other objeet, as sei-n between the coils 
Cr, H, The ticking may then lx* hearil more or less tlis 
tinctiy in the telephone, the hniduess (if lii<’ sound deiuaub 
ing' on the particular metal or albsy inserted. If It bi- a 
coin, and another similar coin be inserted into iht* other end 
of the apparatus in the .same position relative lo llu* t:nils, 
H', G', the ticking will cca.se; but. il (hen* is a vari:t(ioii in 
composition or size, the (lilTenmee is al tuu-t' made known 
by the continued ticking of the c.lock in the telephone, hi 
this inamier a counterfeit coin may be t-asily an<l ei’i'lainly 
detected. 

It is remarkable that ({wlisturb the balaiua- ol the cur- 
rent reqiiirc.s onlj^ the .slightest variation in the si/c or male 
rial of the object: inserted. A piec(’ ol small iron wiie will 
bring out the ticking loudly. A pieet’ ol nuigiieli/ed steel 
will make it still louder. It is an interesting study to cleiei- 
mine the difference between difTcu’cnl snbstauees as indicated 
by this apparatus. 

When the induction htdtinee is usetl as an audioineltu-, tiie 
two central or secondary coils are plaeetl elnst* logutber. ami 
a paper scale, K, ks attached (o the upper surface <»l (he- har. 
J, to complete the aiTungeinent. When the fwo t oils aif 
exactly in the center tif the apptiratus, the eurtenis intlm ctl 
by the coils, G G', will be ccpial and In opposite dirfeliniis, 
and will, therefore, neutralize each other. s<i that no soumK 
will be heard at the tciephone; Inil when the movable ends 
are carried toward cither end ol llu* apparatus, the tairrent 
induced in the movable coils by llie coil al that end will 
produce sounds in the tdcphone/tlm strenglli of winch are 
in proportion to their distance between (he movable and 
fixed coils. 
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‘I'lIK TKI.KI’HONK. 

riic* (fk'plioiic, al( Ik nil'll now well known, is no Ic.ss 
in( crest iiijii' tluui il was when lirsl. presenkul to the public. 
Many lornis ot this wonderful instruineni liave. been in- 
vented : only oiie, however, has come into <i;eneral use. 

h'ij;. i. IMatt* \'ll., shows the t,ele])honc in active, opera- 
tion. J is a pei'spective view of a telephone employinj^ 

ordinary U inajj;’nets. 

Id}.;', is a detail sectional view of the same, h'ig', 4 
is a sidi' fdi'vatiou partly in seirtion of a teleplume t;hat: is 
essentially the same as liell's. I'i^s. 5 ami b represent. 
devi('es lor niafpit‘1 i/in/.I’ the bars for telephone's. 'I'lie tele- 
phone shown in Id'i^s. 2 and IMatt^ VII., is very easily 
made. 'I’he two U maf^'iiets, H, which may bc'. 5 inches loiij;', 
or lar^k’i’ -sinaller, can be bouj.;;lil. til. almost; any hartlware 
.store or toy shoji. and the soft ii’oii core, A, upon which the 
.spool, 1), is plae'ed, is seri’w-llireaded externally and l]alleaed 
to lit bc'tween t lu* maji;;nets. 'riic iron c;ore, A, is inch in 
eliamc'ler, and the Hat tened end which extends for td)oul I 
inch between the nuig'nels is li inch tidtdc, and t lie other poles 
slundd be .separated the same distance by a block of wood. 

d'he twj) mtig'netH are firndy clamped tof,^ether by the 
brass plates, C', and the screw, which extends throuf^h one 
of them into a tai)j)ed hole in tlie other. The rna^i^nets 
must be arrauf^'ed with like poles in contact with the .soft 
iron core, A. 

‘riu* wooden spool, I), is i inch in diameter and ^ inch 
lon^, and has upon its outer end a eonctived (lang-e, K, hav- 
ing an annuhir beariiif^ surface for the diajdirugm, F. The 
(laufjcc is 2.1 inches in diameter, and the annular bearing sur- 
face is 1 inch wide, leaving* tlie middle portion of the dia- 
phragtn, which is i | inelies in diameter, free to vibrato. 
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The spool is hllecl with No. 36 or No. 38 silk-covered cop- 
per wire, and the ends ot the wire are fastened to small 
binding screws, a, that project from the back of the con- 
cave flange, E. 

The diaphragm, which is simply a disk (^f very thin 
tinned iron or ferrot3’’pc plate, is of the same diameter as 
the flange, E, on which it is placed. 

The mouthpiece, G, is secured to tlie flange, E, by three 
small screws ; the diaphragm being clipped at three equi- 
distant places to admit ('►f this mode of fastening. The dia- 
meter of the opening in the mouthpiece is jr inch, and the 
mouthpiece, like the flange, must be concave. 

The distance between the diaphragm, F, and the end of 
tlic soft iron core, A, is adjusted by screwing the spool, D, 
up or down on the core. The best adjustment .i.^’ to place 
the diaphragm as near tlie end of the core as possible with- 
out causing a jar w^hen the instrument is .SjAdvcn tf). 

The telephone, when connected with another of the same 
kind by means of two conducting wires secured in the bind- 
ing posts, works well. A single wire may be used to con- 
nect one binding post of each telephone, tlie other binding 
post being connected with the gas or water pipe, or with a 
ground wire properly connected with large metallic plates 
buried in earth that is constantly moist. 

The telephone thus described is more easily made than 
that shown in Fig. 4, Plate VII., as the trouble of magnetiz- 
ing the steel is avoided. 

By substituting for the iron core, A, a bar magnet inch 
diameter and 6 inches long, a very compact, easily adjusted 
telephone is produced. 

The telephone shown partly in section in Fig. 4 consists 
of five principal parts — the handle, FI, the mouthpiece, I, the 
diaphragm, J, the magnet, K, and the bobbin, L. 

The handle is bored longitudinally through the center to 
receive the round bar magnet, K, and there arc two small 
holes at opposite sides of the magnet, through which pass 
the stout wires, M, which are soldered to the terminals of the 
bobbin, L, and connected with the binding screws, N, at 
the end of the handle. The handle, FI, is chambered to 
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1-eceive the bobbin, L, And hcis a mouthpiece, I, and dia- 
phragm, J, which are of the same size as previously 
^described. 

In the present case the mouthpiece or caja is screwed cn 
the handle, but it may with equal advantage be fastened by 
means of small screws, as shown in Figs. 2 and 3. 

The bobbin is filled with No. 36 or No. 38 silk-covered 
oopper wire, and the magnets are placed as near the dia- 
phragm as possible without touching it, and when properly 
adjusted it is clamped by a screw, O, at the smaller end of 
the handle. The bar magnet, K, is f inch diameter and 6 
inches long. 

The connection between two or more telephones and 
the ground connection is made in tlie manner before de- 
scribed. 

There are two methods of magnetizing the bars. Tlie 
first thing to be done is to harden and temper the bar. This 
is done by heating it to a dark cherry red and plunging it 
in cool water, and afterward di"a\ving the temper to a straw 
color. The first method of magnetization consists in i^lac- 
iiig upon each end of the tempered steel bar, Q (Fig. 5), a 
soft iron cap, R, and inclosing the bar thus armed in a helix, 
P, made of eight or ten lajmrs of No. ibin.sulated copper 
wire, and connecting the helix with a bichromate battery. 

The helix should extend to the ends of the soft iron caps, 
and it must be disconnected from the battery before with- 
■drawing the magnet. 

Another method consists in passing over the bar a helix, 
S, composed of ten layers of No. 16 insulated copper wire. 
This helix has an internai diameter of ^ inch and a length 
of about inches. 

The helix, being connected with a strong battery, is 
drawn over the bar from one end to the other, and returned 
to the middle of the bar, when the battery should be discon- 
nected. 

These are easy methods of magnetization, and may be 
practiced by any one having the appliances, but unless a 
veiy powerful battery is used, the magnets will not possess 
the strength exhibited by magnets charged by a dynamo. 
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'riu' lint* wiir sliculd ht* insulated in the same 

nuuiiuT as tek'f^'faiih udivs. h'er shoi't lines a return wire 
is usetl, ['or loll}:;' lines a j^'nniiul tajimeclitm is preferable. 

No. I a ^’alvani/.ed iron wire is eoinmoiily used for tele- 
plnme lines. 

An explanation ol the action of the telc[)hone is found in 
C'hap. XV 1 1 1., p. .|;7. 'I'lie dia[)hra^ni is the armature ol the 
inaj^uet. The approach of the armature toward the niaj^net 
and its recession tlierefrom, under the inllueiice of sound 
waves, alternately weakens and strenf4'thens the magnet, and 
thus causes the generation in the coil surrounding the mag- 
net of induced currents alternating in direction, and vary- 
ing in strengtli acctjrdingto tlie amplitiule of t.lie vibration 
of the. diaphragm. 1'hese alternating currents [lass over 
the line, connecting the telephones, and through the coil of 
the distani telephone. ! hu’e the currents alternately aug- 
ment and diminish the [lower of the magnet and cause an 
increase itk its attraction for the diat>hragm, or a [kartial 
release, m'cording t«) llu‘ direction of the electrical impulse. 

‘riie diaphragm of the receiving instrument is thus made 
to copy the motions of the t ransinitling diaphragm with 
suiruaent C(jmpleteness to reproduce througli the agency of 
air vibrations sounds similar to those uttered in the trans- 
mitting lelc'phone. 

Owing to the small volume of sound realized in tele- 
phones arranged in this way, a inicrophonic transmitter is 
ccntunonly used in connection with telephone lines. 

'rUK TRANSMirn-.R. 

The Blake telephonic transmitter, shown in Fig. 557, is 
mtw almost exclusively used In connection witln the Bell tele- 
phone. 

'rids transmitter is very enicient, notwithstanding the 
fai*t that there is nothing very delicate or line about its con- 
struction. 

It is generally attached in a vertical position to a board, 
whidi also suppinds the switches and other acccssoriewS. To 
tlie hinged cover of the box is secured the annular cast iron 
Irame, A, in which is jklaced a 3 inch circular diaphragm, B, 
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made of common Russia iron ol incdiiiiu thickness, bound 
around the cdi»’cs b}’’ a vSoK rubber band, slivlcdual over it 
so that it covers about a tjuarler ol an inch ol its etl^-e. 

The diaphrajxm is held in jdace l)y a small clip just 
touchiiif^ the rubber bindint;- upon one ed|;i‘, aiul hy n slt‘el 
spring upon the other otlge, which is rubber tippecl and 
touches the diaphragm about inch from the cenicr with a 
pressure of several ounces. Short arms are easi on t tie- 
ring, A, one at the Iiottom, ihe other at the lo[), aiul to the 
upper arm is attached a spring, whicii is riveted tti tiie east- 
ing, C. This casting supports two delicate springs, D hi 
(watch springs). The spring, D, has an insulated support, 
and is couuectcd by a wire with the tpiper hinge; <d' the lios. 
cover, the hinge being connected with (he binding post, (/ at 
the top of the box. 

The free end of the spring, I>, rests against the dia- 
phi’ugm, and is provided wit h a convex plalinuiu lull Ion, 
which is pressed by a biglil)’' [lolished earbon Inilloii inserteel 
in a piece of bra.ss weighing two or Ihi'ee penny wtiig-lils UJid 
fastened to the free end of the spring, hh 

The spring, li, is in metallic eonlael with the casting, t', 
and the latter is in electrical coinmunu-atiou with t he Iraiiie, 
A, which is connected by ti wire with tlu* lower hing'e of 
the box, and the hinge is connected with tlu' biiuling jio.sl, 
r, by a wire that includes the priimiry wire ol tin* small 
induction coil seen in the conuT ol the iiox. Tlu* secotitl- 
ary wires of the induction coil are counetHed with the hlncl- 
ing posts, (7 h. 

The inclined surface of thi^ lower end of the t:asling is en- 
gaged by an adjusting screw which passes tlu’oiigh the lower 
arm of the frame, A, Ify turning this screw one way or die 
other, the springs, 1) K,are mach- to press with me ire or h‘ss 
force upon the diaphragin, and the eontact between the 
platinum button and the carixm is varied. 

The binding posts, c tf, are eonneeled with u hallerv- 
The binding posts, 77 are comieeted with a telephone tine, 
including the receiving telejilmnes, usually of the Hell form. 

The primary current passes through tlie s[»riiigs. I) IC, 
and the primary wire of the induction i;oii. 'flu* vihratitms 
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of the diaphragm vary the contact between the platinum 
button and the carbon, and produce a variation in the cur- 
rent which induces a corresponding current in the second- 
ary wire of the induction coil and in the line including the 
telephones. A single cell of Leclanche battery is sufficient 
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electrical contact. A mao'neto bell is generally employed 
in comiection -^vitli this transmitter for calling. 

For long distance telephony the Edison carbon button 
transmitter is superior to the Blake. 

TELEPHONE CIRCUITS. 

The annexed diagram shows all of the electrical con- 
nections for one end of a telephone line, both ends being 
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alike. The connections are shown in condition to call or 
receive a call. When a call is received, the current jjasscs 
from the line through the switch, E, button, i, key, top con- 
tact of the key, bell magnet, and ground wire, A, to the 
ground. 

When the key is depressed to call a distant station, the 
key touches the lower contact, on the battery wire, B, send- 
ing the current through the button, i, switch, E, and line to 
the bell and ground of the distant station. The current 
returns by the ground and wires, A C, to the battery. 

After calling, the switch, E, is moved to button, 2, and 
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the switch, F, bciuo; connected with the switch, E, by an 
insulating connection is at the same time moved to button 
4, as slujwii ill dotted lines. Now the line connection is 
through the switch, E, button, 2, wire, G, receiver, the sec- 
Diidarj’’ wii*e of the induction coil to the ground. 

riie switch, 1", when turned as described, completes the 
local circuit, the current passing from one cell of the battery 
through the wire, D, switch, F, button, 4, transmitter, pri- 
niaiy of the induction coil ground wire. A, and wire, C. 

The connections arc now arranged for talking. Should 
the transmitter be of the class capable of withstanding a 
hcau'y current, the wire, D, will be conncctetl so as to 
include all of tlie elements of the battery, and the wire, 11, 
instead of being connected with the battery Avill be coii- 
neefed with the button, 3. 

The diagram shows the connections adapted to the class 
of transmitters employing but; a single battery eleiiieiii and 
to a line rc([uiring several cells of battery t(.) call. If a sin- 
gle cell of battciy is sufficient to call, the wire, 11, will be 
connected with button, 3. 

When a magneto call is used, it is inserted in place of the 
bell. 

’ i[l(:ROl>ll{)NES. 

The microphone shown in Fig. 559 has a wooden dia- 
phragm one-eighth inch thick and four inches square, wliic:h 
is glued to a narrow frame sui)ported by siiitalde leg's. 
'I'wo pieces of battery carbon, A li, are secured by means 
of sealing wax to the diaphragm about an inch apart and al. 
ecjiuil distauees from the center. They are both inclined 
downward at about the angle indicated in the engraving, 
say 30“. The carbon, A, is longer than the carbon, . 11 , and 
basin its under surface three conical holes — made with a 
])(iiiknife point — whicli are large enough to Receive the 
upper ends of the graphite pencils, C. Tlie lower ends o(. 
the pencils rest in .slight cavities in the lower carbfui. The 
])encils, C, are small Rjds of electric ligdit carbon sharpened 
at each end and placed loosely between the carl)ons; tiiev' 
arc inclined at different angle.s, so that the motion of the 
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diaphragm, wliich would juf oiic of tluMU, would situply 
move the others so as 1o traiisiuit llie sound [H-oporlv. li;i!« 
tcry wires, which are taiuneeled wilii a (ele[>lioiu’, ww. 
jattached, one to the t;arl)on, A, the tithtn- lo llu' rai’lmn, !J. 

The diaphra^-ni and i(s sup[>ort in 1 m^;\ 560 is (lie saiiu* as 
lhat already described, 'i'he rnic;rophonc shown in this lij^aire 
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has a piece of hadicr^' (rarbon, 1), secured in ;m int lined peisj.. 
tioii to the tliaphi’api'in near I lit* middle, bv nn'aijN uJ se.ilinijj^ 
wax. Three carbon pendanls, IC, ot ditfereul si/rs. are mis- 
peudLcl by ve.iy Inii! wji'es, S() dtal iIkm' rest npoij fh** upper 
surface of the carbon, I). I'lie (iu'ee line wires air all con 
nccted with one of llu’ batlerv wires, and ;ire lasit-nrcl at 
suitahle (list anees apart to tlie lace o( llie diapluuipu bv .1 
drop ol seulin^^ wax. A line <-opper wii'e is u tHuul .uouint 
the carbon, I), and connected with (lie batlerv. 
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These insl;ruments arc used as transmitters ; a BcU tele- 
phone is used as a receiver. By using a number of rods, 
[)encils, or pendants instead of a single pencil, as in the 
Hughes microphone, much of the jarring is avoided, while 
it is capable of transmitting the sound of the ticking of a 
watch, the tramp of a fl}- or an ant, the crumpling of [)ai:)er, 
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whistling, instrumental and vocal music, and, under favora- 
ble conditions, articulate speech, whispering, etc. 

ELECTRICAL MACIC. 

Electricity in its ordinary every-day uses surpasses all 
the feats of the ancient magi or modern prestidigitators. 
Sending light, heat, power, signals, and .sj)cech to a dis- 
tance over wire, the phenomena of induction, the transfer 
of metals as in clectro-metallnrgy. and the numerous other 


uses to which electricity is iijiplicd iji the arts, are all truly 
mysterious. 

The application of electricity to ina^-ical operations is 
quite eonnnon, but it is capable of more extendod and more 
effective uses. 

The few examples shown in the eu'^’ravinj^'s arc sneb a.s 
afford entertainment and p;-ivc practice in the applications 
of electricity. 

The mysterious drum, shown in 5G1J has beeu 
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constructed in various forms. !t is dcsip;ncd to boat 
by means invisible and muiiscoverable without removin'.^ 
the drum hcadsS, The drum is suspended from what iq)peaj.s 
to be an ordinary hook, and the operative parts are con- 
cealed so as to be invisible cither tlirouf^li the translucent 
heads or through the embonebure. The drum is suspended 
from the ring, C, by chains, A H, or by straps conccaliiijLC 
metallic wires. 'I'he screw rinjj^s extendinfj^ throvi^b the 
body of the drum communicate electrically >vith the magnet, 
D, which is placed so near the embouchure as to be incapa- 
ble of bein^ scon throuq^h it. The armature of the magnet 
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as sup[)ort,c(l very near its polos by an an}>'lo })lato rij^icUy 
secured to the botl}- of tlie drum, as sliowii at 2, 561. 

The chains, A Ji, touch luctallic contact pieces, a a, endjcdded 
in the inner suidacc of the riii^*, C, uddeh ma}^ he cither 
wood or rubber. These contact pieces .at (licir ii[)per ends 
touch on opposite sides of the hook, li. This hook is 
divided verticall3^ into two parts throu^'hout its lenfjfth, the 
two i)ortions l)cin^ sc[)arated by a. thin piece of mica, as 
shown at 3, and bound together by a liard rubber knob at 
the outer end, and hard rubl)cr ring or base-[)iece ne.ar the 
end inserted in tl\c wall. The two halves of tlve hook are 
connected with battery wires leading to some distant point, 
and an interrupter worked by hand or clockwork is put in 
the electrical circuit. A wheel, notched according to the 
kind of call recpiired, attaclicd to the revolving S[)iiullc of 
a spring motor and touched b}'’ a eonfact spring, makes a 
good interrupter for this ])iirpo.se. 

'rids device is puz/ding to the iiiunitiated, as it is iinpos- 
sihlc to see how tlie residts arc ohtuined without dismem- 
bering the apparatus. Hy means of a spur in eneli lieel, 
and wires cKtending under the garments to the hands, it is 
pos.sible to transfer the drum from its liook to the linger 
and secure the same results, provided two long conducting 
plates or strips, to he touched by the spurs, are placed he- 
neath the carpet, and connected witl\ the battery and inter- 
rupter. The removal of the drum from the lu>ok fcj tl>e 
fmger adds another element of inyster}’’ to the device. 

xVIuch tluit cannot be otherwise satisfactorily explained 
is charged to the sui>ernatural. 'I'he phenomenal sounds 
said to be evoked from tables by the weird inluihitants of the 
si>irit world may he very successfully imitated by means id 
.simple electrical contrivance shown in Fig. 562, and not 
only may the raps he produced, but sepulchral voices may 
be heard from the face of the table. 

The table top consists c)f two parts, the lliickcr pfu’tion 
being hollowed out, so as to form a circular cavity in the 
middle, surrounded by an annular cavity. The wliolc is 
covered witli a top about one-eightli of an inch thick. Tlie 
table standard is hollow, and olumibercd out suniciently at 
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other wire is connected with one termiiuil of an elccln). 
magnet whose other terminal is connected with a Ihit metallic 
ring attached to the tiiin portion of tiie table top and located 
immediately above and very near the serrated hoop, F, but 
not touching it. Now, by placing the hand Hat upon that. 
l)a.rt of the thin cover of the annular spjice in the thicker 
portion of llie table top, and iiressiiig so as to si)riiig the 
cover ever so little, the electrical circuit is closed and tlie 
electro-magnet draws down the armature which is attached 
to the thin tabic top near the poles of the magnet, but not 
touching them. This makes a Icjiid rap, and when the elco 
trieal circuit is broken by removing* the pressure, a similar 
rap is produced. The movement of the hand in tliis opera- 
tion is imperceptible. 

From each of the wires extending upward in the stand- 
ard, a wire extends down one of the table legs, and termi- 
nates in a single point, having sufficient lengtli to pass 
tlirough a carpet and touch two plates of metal comnnmi- 
c'ating with a transmitting telephone or with a telegraph 
key and battery. With the former tlie table answers as a 
receiving telephone, and the magnet will be more efficient 
for this purpose if it be polarized. When the key is used, 
the raps may be ])roduced by some one operating the key 
at a point remote from the table. In cither case a confed- 
erate is required. 

Jly placing conductors under the carpet at different, 
points, the table may be moved about to enhiince the 
delusion. 

Fig. 563 shows insects that appear to be animated when 
disturbed, and as they are similar in construction, the desci'ip- 
tion of one will answer for both. Tlie pot containing tlie 
plants upon which the insects are mounted is broken away in 
tlie engraving, to sliow the interior, and the dragon-fly is 
shown in section at 7, in Fig. 563. This is nothing more nor 
less than a vibrator-interrupter, made in the form of a. 
dragon-fly, with mica wings attached to the vibratory spring 
and striped witli asphaltiim varnish, in imitation of nature. 

The body of the fly consists of an iron wire wrajipcd for 
a part of its length with No. 30 silk-covered wire, forming 
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a small clectro-inag'nct., whose aniuil.nre, l>, is alFacheil lo a 
spring- forming- a [larl; of tiic l}ack, aiul fasletied a(. c (o (he 
wire forming- the core of (he iiiag-nel:, by means (jf binding- 
wire and jeweler’s cemcnl: or sealing- wax. One Ic'nninal of 
the magnet wire coinnninical:es 111 roiig-li one- of {!u; leg's of 
the fly with a wire running- 1 :hroug-li the .stalk of (he plani 
to the carbon pole of a small Leclanche balterv concealed 


Flc, 5(i;v 



in the flower pot. The other terminal of the mag-net wire 
is connected with tlic vibrator siiring ate. 'riie free end of I lie 
vibrator spring c.xtcnds from tlic armature, <lo\vnwanl, and 
is provided wi(;h a platinum contact screw, <■/, which touehes 
the contact spring, r, the, latter being in electrical communica- 
tion with a button on the under side of the flower pot cover, 
which is touched by a spring attached (.o the side of (lut 
pot. This spring is connected with a wire that (‘xteiuhs 
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downward and IcrniinaLcs in several [){)ints disposed about 
a circle eoncent.ric wit h (he bottom of the j>ot. .1 he zinc 
pole of the battery is provided wl(:li a wire haviiif^' several 
terminal points alternatin';- with the ]>oints previously men- 
tioned. The bottom of the pot is slijU'htly concLive, and 
contains a small ipumthy of mercury, which, in conse- 
epusux' of its n-n-at mobility, completes the electi'ical circuit 
between some of (he wire terminals in the bottom of the 
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|)ol whetn the latter is taken in the hand at)d moved ever so 
little, 

'Phe battery is of small size, (he jar consistinj^ of a com- 
mon luml)Un’. Whcxi the devices is taken in the hainl, the 
winjj;.s, whicli are attached to the vibrator, K[)ring' imme- 
diately, tremble, and buzz in (rue in.sect. fashion. If the 
plants and insects are Pmely made, they are sure to be taken 
in the hand for examination, when the latter will exhibit 
si^ns of life. 
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The butterfly shown in perspective at 7, Fig. 564, ancF 
transverse <n^el loiigituclinal section at S aiicl ^ 1 cspcc- 
tively, is intended to be placed upon lace curtains or on 
a picture frame. The body, as in the case of the drag’on-ily, 
consists of an electro-magnet having its polar extremity, h, 
returned upon the magnet wire. The back of the butter- 
fly consists of an iron shell swaged into the proper form and 
attached to the smaller end of the magnet by means of a 
screw, To this shell are pivoted on delicate j^ivots, /, 
two small armatures, i, whicli extend downward over the 
returned pole extension of the magnet. These armatures 
carry the natural wings of a butterfl3'-, and 
as the pulsating electrical current runs 
through the magnet the wings are vibrated 
in accordance with the intervals of open 
and closed circuit. 

The electrical imj:nilses may be con- 
trolled by hand or by clockwork, or by 
means of an electric pendulum interrup- 
ter, shown in Fig. 565. The current Avhich 
passes from the battery, «, through the 
butterfly, passes also through the mag- 
net, /fe, of the interrupter, through the 
pendulum rod, /, and through the mer- 
cury contact cup, in. When the pendu- 
lum is drawn toward the magnet, the 
circuit is broken ; when the pendulum 
is released the circuit is instantly closed, and the pendulum 
is drawn forward again. The electrical pulsations produced 
in this way move the wings of the butt'rfly more or less, 
rapidly, according to the length of the pendulum. 

Three or four of these butterflies may be controlled by a 
single pendulum. These objects placed on a lace curtain 
are amusing and make very pr'tty ornaments. 

The fine wire forming the conductor may be white cot- 
ton-covered, which may be easily concealed in a lace cur- 
tain. 


Fig. 565. 
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r.ANTKRN I'ROJl-Ul'I'KKV. 

Asainc'imsitf illiisl ralioii, iioihiiin' i:au excel prnjcclicn 
I)}' means di' a ^'ood (ipl.ieal lanlern. Not; cmly can [)icrlureK 
and dia^'fains be shown c'U'ai-Iv b> a lai\ij;'e asscmbLa<^'e, bul. 
ai>[nn'aUis o[ various kinds inav be* projeeded on a niaininolh 
si’ale, many clieinieal aelioiis maybe exhibife.d, (lie pheno- 
mena. ol li.Riil, heal, eleel rieity, and niaf^mel.tsm may be 
sliowii in various ways. In fact, (here is scairtx'ly a branc:h 
of physii\s dial, may nol be illiislraled in ihis way. 'I.'he lan- 
lern is beiannin*;’ deservedly [io[iular in colle^'e.s and schools 
and for private use. Besides beini;' of ^Tcat use for i^’euei'al 
inslruclion, it. alfords a means of raLioiial aiuuseuieut. and 
enlerlaimnenl. 

A poor lanlern, like any other inferior piece of ap[)ara- 
tus, is undesirabU'. I'or siaenlifu; woi'k Ihe lanlern slioukl 
have a triple condenser, a rectilinear objetdive, a swinfi;dnjj^ 
front for ihe verlii'al alLachimenl, a. calcium or eUndric 
li^'hl, polarlsco[ii(; and niicrosco[)ic al tachments, an ereclini^^ 
prism, and an alum or water lank. .Such an inst ruiuent. may 
now be [uii’chased for a reasonabh* price, so dial; there is no 
economy in making one's own inslrumenl. U will, iiow- 
ever, lie found advaulajj:eous to make tin' atlachmcnls. 

Till': sidKN nidi' usi: oi- Tiii'; 'rov macic i.AM'id'.KN. 

.A toy maf^itr lanlern is g'cnerally considered as worthles.s 
as any piece of ap[)aratus one. can own. Usually, in these 
instruments, the .source of li}.(hL is imsalisfatdory, the li^dit. 
is wasted, and the lilllct lijL;’hl. ruially reiulered available* is 
passed throu;j;h im[H‘rfecl. len.ses, yielding’ n'sults which are 
anvlhinj^' but, pleasinjd* (lenerally, toy lanterns have, been 
madi’ without: condenser.s, :md almost; without, exception 
they are. found lo be of an odtl size, which will not. receive 
an ordinary lanlc*rn slide, so that, the usit must, renuitn con- 
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tent with the daubs usually aecompanying’ such instruments. 
Recentl}', hoAvcver, some improvement seems to have been 
made in tins direction. In looking- about for a simple lan- 
tern, suitable for certain experimental work, a t)'pe of lan- 
tern was found which in cheapness, compactness, generally 
good design, finish and efficiency, is superior to many that 
were examined. Still it has a serious defect, that is, con- 
siderable spherical aberration ; but this can be easily reme- 
died by replacing the front lens of the objective — which is 
a double convex of four inch focus — with a meniscus (peri- 
scopic) spectacle lens of the same focus. 

This lantern is shown in side elevation in Fig. 566 and in 


Fig. 566. 


Fig. 567. 








Simple Ma^ic Lantern — Elevation and Section. 

section in Fig. 567, respectively. It is made of several sizes, 
but the size which costs $3.75 or $4 is as small as can be used 
to advantage in the experiments illustrated in the annexed 
engravings. 

The lantern is 12^ inches high, including chimney; the 
cylindrical body is 5 inches in diameter and 6^ inches long. 
The back of the body is closed by a spun concave reflector. 
The condenser is a double convex lens zf inches in diame- 
ter and 4 inches focus. The rear lens of the objective is a dou- 
ble convex, zf inches diameter and 5-|- inches focus, and the 
front lens is, as already stated, 4 inches focus and its diameter 
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is i-i{: inches. The optical combination is not the best that 
can be devised, but it answers a vei*}'' good purpose. 

The lamp has a kerosene burner of-mpproved type, and is 
provided with a tall chimney, which insures perfect combus- 
tion and a white light. The reservoir of the lamp, as well as 
the objective tube and lantern chimney, are nickel plated. 
The space in which slides are introduced is too 

narrow for average slides, but, if desirable, a clever tinsmith 
can correct this in a very short time. 


Fig. 568. 



Vertical Attachment. 


It is not intended to treat of the projection of pictures 
with this instrument ; but it may be said, in passing, that 
the lantern, when altered as suggested, projects a very 
good picture, five or six feet in diameter. A little camphor 
added to the kerosene increases the light perceptibly, and a 
clean chimney and clean lenses go a long way in the utili- 
zation of the light. 

The number of interesting experiments which may be 
successfully performed with this little lantern is surprising. 
“Certainly a long evening of rational and instructive amuse- 
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mcnt may he out of the lantern mth little expense 

beyond the cost of the instrument itself, and with very little 
trouble. 

I he prodiicticni of cohesion figaires on the screen is a sim- 
ple and interesting^ experiment. Between two ^'lass plates 
of a width suihible for the lantern is placed a small amount 
of vaseline, either plain or colored with aikaninc or aniline. 
The plates arc [jressed to^'cthcr until all of the air is ex- 
])cllcd, aiul a thin Film of vaseline remains. The glasses are 
then clam[)ed together by means of two stout i-ubber bands. 
The slide thus i>rcparecl is ]>laccd in the lantern, and the 
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jxiiut of a knife l)lade is introduced between the upper cor- 
lU'its of the glass jjlates. U])on tlie smallest separation of the 
plates, arborescent figures will appear on the screen, which 
will grow as fhe* plates arc furtlicr separated, appearing, as 
shown in I’lale VI 1 l.,like a growth of cactus or fern. On re- 
moving llu‘ knife blade, the jilatcs will be drawn together 
by llie rubber hands, and (he figures will disappear. The 
experhnenl may berept'alcd again and again with the same 
charge of vasc'iiiu', hut if will in time become so thin as to 
re<iuire rcaiewal. 

fn Fig, 568 is shown an attachment for converting the 
inslrinnenl into a vertical lantern. The objective is remov- 




03 KX r K RI M K NT A L Si T I'. N l ‘ I! . 

ed from the lantern, and a cigar box of suitable heiglU is 
arranged with its open side next tlie front ot the lantern. In 
the box opposite the condenser of the lantern is arrangetl u. 
piece of ordinary looking glass at an angle o! 4S ■ 
top is made a hole for receiving tin- objective. lusule, 
an inch and a half from its upper cml, is arranged n 
horizontal transparent glass plate, and alnive this plate the 
box is cut away diagonally across the corners, leaving^ 
only material enough in the end to hold the objcativo. 
A second mirror, arranged ])arallel with the first, is su|>. 
ported over the end ol the objective and serves to 

Fin. 57U. 


Tliu Opoldoseopo. 

throw the image on the wall. If the experimenter will lie 
satisfied with images on the ceiling, the seeoml mirror may 
be dispensed with. 

The tank shown at 5 , Fig. 56.S, is designed to hold various 
liquids used in experiments in the. verlicul lantern. It con- 
sists of a plate of glass to vvliich is secured a ring of tin. by 
means of a cement composed of {nfcli, gutta pereha, and 
shellac, equal jiarts, melted togetlier. In this tank may be 
placed clean water. A cambric neetlle, earcfully laid on its 


side on the surface of tlic water, will float, and the neetlle 


and depresvsion in the water formed by the needle will slunv 
plainly on the screen. If the needle be magnetized, it may 


of course be attracted and repelled by a magnet. A few" 
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bits of g'um caiujihor thrown on clean water will move 
about in a curious way. A few drops of a solution of cam- 
phor in beu/colc, droi)ped on the water, yield very interCvSt- 
results. Curious effects arc produced by a drop of 
sonic of the essential oils. The oils of cinnamon, coriander, 
and lavender arc examples. In Fig. 569 is shown the mc- 
tliod of projecting a jiiece of apparatus ; in the present case, 
a radiometer. The olijective is removed from the lantern, 
and su}iportcd a short distance in front of it, and the ap- 
paratus is j)laccd lietwceii tlie lantern and tlie objective. 

In the case of tlie radiometer, tlie heat of the lantern 

Fm. 571. 


I’rojecting the Spectrum. 

causes the radiometer to revolve, so that it is seen in 
motion on the screen. 

In Fig. 570 is shown a simple device, known as the 
ojieidoscopc. It consists of a short paper tube, having a 
thin piece of rubber .stretched over it and tied. A small 
piece of mirror is cemented to the center of the rubber. 

7 'he perforated card shown in the corner of the engrav- 
ing is inserted in the lantern, and a pencil of light is 
allowed to fall on the mirror, and when different notes are 
sung into the ojien end of the paper tube, the reflected pen- 
cil of light will form intricate figures on the wall. 

In Fig. 571 is shown the method of iirojecting the spec- 
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trum. The card shown above the lantern has a central lon- 
gitudinal slit about three-sixteenths inch wide. This card is 
inserted in the lantern, and the slit is focused on the screen. 
An ordinary glass prism is now placed in front of the ob- 
jective, and turned until the best effects are secured. 

In Fig, 572 is shown an experiment in double refraction. 
The perforated card shown at 1 1 is inserted in the lantern, 
and the objective is arranged as described in connection 
with Fig. 569. The aperture of the card is focused on the 


Fig. 572. 



Double Refraction. 


screen, and a crystal of Iceland spar is placed between the 
lantern and the objective. Two images of the aperture of 
the card will appear on the screen, showing that the ray 
has been divided or doubly refracted by the spar. A per- 
manent mounting for the spar may be arranged as shown 
j at 12, the spar being mounted in a cork fitted to a tube 

I adapted to the lantern front. 

I In Fig. 573 is shown a device for producing a luminous 

j fountain. A tube is fitted to the rear half of the objective 

I tube and closed at the rear end by a glass disk, cemented in 

I 
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by means of the cement above clescribcd. 'I'lic front end of 
the tube is closed, with the exception of an orifice three- 
eighths inch in diameter, in which is inserted ti smooth tube 
about one-half inch long. A ni[)])lc jirojects from one side 
of the fountain tube, for receiving the rubber supply jiipe, 
which may either be connected with the house water sipiply 
or it may be used as a siiihon, taking water from an elevated 
pail or tank. Only a small head is nece.s.sarv to secure the 
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desired results. The stream will be illiuninatcd throughout 
its entire length, if a smooth How of water is secured, and 
it may be tinted by inserting colored jilates of glaSvS in the 
slide receiver. 

In F'ig. 574 arc shown some curious effects of refraction. 
A portrait is placed in the lantern, and hi front of it is 
placed a piece of wrinkled window glass, which is slowly 
moved back and forth, the curved surfaces of the glass 
producing distortions of the face which arc sometimes 
ludicrous. 
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In Fi u , j; is sill *u ti a kairiifi *f ! « <|*s‘, w ins It illu'4i,itr*>> |»rr- 
sistruft* tii visitui. A laisl havusi; sr\r!.*I t iu lr'H ».s siitall 
tralii'iis. sa\ uuf-t'ii^hsh sju Is. i*-* ,if i!s i rsitfr' 

ttj itur c'IhI <4 a s|»iial sunts*,*. tlir «»|*|*»tssii- njil «»! the 

spritii*' bcMii|4' t'ffnriitcd ft* a |«la{«‘ »»! w bit It Itfs in tin* 

laiitfrn. tU this sliilr m tlir l.mlrrii aisd 
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the tiring; at tit« ^».V tbr tsbsrrvaftnii «»! a wmk irvulur 
light sput on thr srrrrit, t«»r a t'*»iisi»lrrabir Irtigfli «»l tiiiir, 
thrci tpiirklv iirtsviding a similar Iiaviiig tlir same 


This slUlr in made bv riiltiiig tii a slip «»!' |»,tsit;*l«iarfl twci 
srmirirrular iudrs, with a bar brlwrrii, llirii arraiiging a 
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nnr is uprri, llir rurtl is atfarlsrd t<» <mr nsd uf an rias* 
tic bund, thr c»thrr rml «»! the bainl Ixdiig bisieiirti tu the 
|Kistrbciurd slip. Thr rurtl Is prinddcd with a string, by 
which it nutv br hrld in idarr «»vrr llir lower *i|»rrltirr nf 
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few seconds, and the eye becomes wearied by viewing' the 
white spot on the screen, the card is released, and the rub- 
ber withdraws it from the lower scmicircuhir aperture, 
wlien both halves of the circle will appear, and althougli 
they are etpially illumiiiated, the half longest on the screen 
will appear nuicli darker than the other. The slide shown at 
19 and 20, Fig. 579, is designed to illustrate the wave theory 
of light. The plate, 20, which fits the lantern, is made 
of a glass photographic negative plate, expo.sed and devel- 
oped to render it oi)ac]ue. A number of parallel scratches 
are formed one-eighth inch apart in the film by means 
of a large needle. The slide, 19, should be of the same 
width as the plate, 20, but three or four times as long. 
Upon this slide, which is also a piece of negative gla.ss, is 
scratched a sinuous line, covering about one-third the width 

Fin. 575. 


Kuleidotrope. 

of the plate. I'his line is easily made by the aid of a sheet 
metal pattern laid out by means of compiisses. Hy placing 
the j)late with the parallel scratches in the lantern, and 
moving the slide over it, a series of dots, rejiresenting ether 
particles, will lie seen to move u|> and down on the screen 
without advancing, but the waves formetl by the dots 
move on. 

At 21, I’late VI IL, is shown a device for illu.strating the 
compression and rarefaction of air in sound waves, rids 
slide differs from tlie other in having a single straight slit on 
one glas.s, and on the other glass a series of sinuous slits 
gradually advancing in position in the series. My moving 
the long plate over the short one, scries of dots represent- 
ing air particles will be seen to advance toward and recede 
from each other. 

At 22 is shown a vertical tank winch is thin enough t(v 
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enter in the place nl a siitle in tin- lantern. Flits tank Ls. 
fornied nf two plates el glass aiul a segment i»t a It itit jar 
jiiicking' ring’. If one ring is not thick tanutgli, two utav bt* 
used. 'Fhe rings are ctmted on oppositi* sides witli rubber 
cement, and immediately placed in posiiitm, and the glasstcs 

are bonntl together bv nieairs 
of stMtit tltreatl or. lietter, line 
u i re. 

‘Fhe lollowing are, in brief,, 
.sotne of the expeiinients tir 
be tried with this lank. Idact: 
in it clean water, ami while 
it is in the lanfrin drop in a 
small ((nanlitv ot ink. 

Fi V ah ithol oi givi erinc? iri 
wutei, in the same way. but 
in a weak solution ot nitrate 
of silver, add a sm.dl tlrop nf 
solutitni ot t'tnmnon salt. Ftr 
a weak sidution ot l>!ue lit . 
muK add a little vinegar or other aeid. ’Fite stilnli««n inrim 
red; add a little ammonia, and the soh»ti«»n again hemmeH 
blue. ‘Fhese are striking experiments, anil there are many 
others eiiually good. By plaeing two wires in the tank, 
fdled vvitli acidulateil water, as at 24, and attaching a bat- 
tery of .sufficient power 
to the wires, the tlecom« 
position of water may be 
shown. 

At 25, I’late VI lb. is 
shown a device for ex« 
hibiting refraction. A 
card, l.avitip a slit mte- 

sixteenth of an inch wide and about two inches long, m 
placed in tlie lantern, and in front of it is held a strip i>f 
plate glass. So long as the glass is parallel with the card, 
no effect is produced ; but when the glass is htitl at an 
angle with the face of the card, the line of light passing' 
through tlte slit is bent aside or refracted. 


Far 178. 
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t^cirfomifd Tin ami Apuriurftl 
Disk. 
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Magnetic curves (26) arc shown on the screen by placing;- 
the inag'net on the vertical attachmeni, placing- on the mag- 
net a glass plate, s[)rinkling on the glass a lew iron Jilings, 
and then gently tap[)ing the glass to cause them to arrange 
themselves in curves. 

'I'he chemical thennometer (27) is projected after warm- 
ing it until it is cpiitc blue, then dip})ing it into a glass of 
cold water in the lield of the lantern. The changes from 
l)liie to pink are very pretty. The change begins at the 
outside. 

By coating glasses witli solutions of various salts, 
crystallization may be seen in progress on t he screen. 

By means of a simple magnetic needle mounted on a 


Fici. 579. 






'■0 





point cemented to a glass i)latc, and used in the vertical 
attachment, various experiments in magnetism may be per- 
formed. 

No attempt has been made to treat the subject exhaus- 
tively, but enough has been suggested to show that a con- 
siderable amount of experimentation may be done with a 
cheap lantern and easily made accessories. 

M ICR( )SCO PIC PK( )J Et ‘TI O N. 

The toy lantern, and the inexi)ensive microscope de- 
scribed in previous chapters, are pressed into the service of 
microscopic projection, the lantern serving as the illumina- 
tor, the microscope stand as a support for the object, and 
the eyepiece of the microscope as a projecting objective. 
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To arrang:e the luicniscopc for projeetiim. the focusing 
tube is withdrawn from its guide, the draw tube is removed 
from the focusing tube and inserted in the place of the 
latter, after being wra[)[)ed witii sine sir two thicknesses ol 
[)at)er to make it fit. The eyepiece is now inserted bottom 
up in the. draw tube, that is, with tlie eve letis next tlu' stage 
of the microsco[)e. d'he tube is then turned down into a 
horizontal ][)ositicm, as shown in the engraving t Fig. 5H0K an 
object of some kind is placed on the stage, and the lantern 
is arranged so as to project a briglit, sharp image ot the 
flame igion the baek of the object. 'I'he illuminating ptnver 
of the lami) may be incrcasetl by turning its flame edgewise 
or at angle of 45 . 

A screen, preferably of white cardboard, is phuaal about 
five feet distant from the microscope, aiul the image is 
focused by sliding the draw tube. 'Phe mom in which 
the microscope is used must he made us dark as possible. 
With these appUanees, ordinary objtads may in* pmjec'ttsi st) 
as to lie easily visible to twelve* 01 flfteen persims. 'Plu* 
nearer the scene is to the microscojH*, the hrighlei will he 
the image. 

The eyepiece belonging to thismieroscope isot the nega^ 
tive kind, that is, the image is formed between the eve lens 
and the held leus, wijen the eyepiece is used in iIh' regular 
way. VT‘ry good results may be secured by the use of a 
single lens. Either of the lenses of tlie eyepiece* mav be 
used by removing the other, but in this case the ehaphragm 
must be taken out to allow the hdl beam tif light tt» pass. 

The objects that may be shown in this way are the larger 
animalcules found in stagnant water, parts of insects, sec- 
tions of wood, stems, leaves, etc., erystuls. woven faliHcs, 
Icatliers, etc. The object.s selected shmdtf be as tfjirt as 
possible, and if unmounted should be pressed flat between 
two glasses. An inexpensive eell for ctnitalning tdijet :ts in 
water may he made by pressing two plates of glass, one 
inch wide and three inches long, upon ijpptisite sides of one 
or two segments of a rubber fruit jar ring, ami binditjg the 
glasses together upon the rubber f>y means of very strong 
thread. 


Fig. sSo. 







ner described, but of course its size is limited by the 
amount of light available. With a strong light, such as is 
used in larger lanterns, the size of the image may be greatly 
increased. 


OXYHYDROGEN BURNER. 

A small oxyhydrogen burner may be used to advantage 
in connection with the toy lantern. The concentric or an- 
nular form of blowpipe, in which the gases are mingled as 


Fig. 581. 


Annular Oxyhydrogen Burner. 

they issue from their respective orifices, is perfectly safe, it 
being impossible for the gases to mix in the tubes or gas 
holders. In this burner the central or oxygen tube has a 
conical end with a central orifice 0*03 inch in diameter. The 
hydrogen tube is provided with an adjustable cap, having a 
central orifice 0*1 inch in diameter. The cap is conical in- 
ternally and externally, and when properly adjusted, as 
shown in the sectional view, the thin space between the inter- 
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nalsurfncc of tlu* c'a[i aiul tin* (.‘onicul laul i»l i lu' nw tiilu* 
forms a passai^'c lor tlu* hytlroj^'on, whioh iliroots it aotnss 
the path of the jet of owf^en. By this simple deviee thi* 
g’liscs arc iiitimatelv inixetl at the imuueiit of i'^iiitioii. aiuI 
the result is a clear, intense' li^fht with m> superlluous (lame 
and with comparatively little frt'c heat. 'I'he perlm titauce 
of the burner ceunpares lavorably with those that mis tlu* 
gases inside, while it is iierleidlv sale, aitd mav be used witli 
a g[is evliuder or bag ol oxygen, and with ordinary illum- 
inating gas at the usual pressure. 

A simple and effec'live device for turning anti elevating 
the lime holdt'r is shown in the cut. It consists of a spiral 
spring soldered to the lime luthier spiiulle, and seeurt'd to a 
rod extending to the back ot the lantern. It is, in tact, a 
small use of the “ (lexible shaft.” By turning tlie rod, the 
lime is turned aiul c'levateil. 

TIIK sciKN*in-ic i,ANTi;kx. 

In lantern projection, tis in all «>thcr scientihe work, the 
best results can be tjbtaincd only by employing the best 
means. While ti cheap latitern may li.ave considerable utility, 
it cannot fully satisfy tuodern recpiircitu'uts in the line ol 
.sdcnlitic i»roject{on. In I'ig. 5H2 is illustrated a lantern 
which is adapted tcj all kinds cd projectioti, unrl whic*h may 
be readily shifted from one kind ul work to another. U is 
provided with an oxyhydrogen burner and with an electric 
lamp, either winch nniy Ijc used at pleusutc. It may be 
very (piickly arranged as a verticail lantern, utul all of the 
attachments are camstructetl so that tltey may la* placed at 
once in the ptjsition ol use without the necessity of uligiu 
merit and adjustment in each case. 

The frame of the lantern camsists of cast iron end pieces 
having rectangular legs Jittaelred to the base. To the slier t 
iron top is attached a tall c*himnev, having a cowl at the 
upper end for confmiug the light, ()ppi»site sitles of the 
upper portion of the frame are provided with hinged sheet 
iron doors. The lower {lart of tire lantern frame is provideil 
with hinged rernovalile doors, which may be uM*tl to c lose in 
the light. 
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The front is furnished udth a plate hinged t»> nwing 
vertical plane, and j)r()videci with ix cell toj t unt»ittuni, 
outer lens of the condenser, Tiie axis of this leiin irll 
cides with that of a similar cell Hupptn’ted bv the ir«»nt 
piece of the frame and containing the inner lensen i* 

Fh;. 


C?: 
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condenser. The inner lens of the c'c»ndet}Hc,*r a 
convex, 4 inches in diameter and of K ineft toeun, ;y 
with its plane side toward the light. The two ontei 
are plano-convex, 5 inches in diameter and H inehe 
arranged with the convex faces atljointng. The t 
between the lenses is jg inch. 'I he ctnribinecl ft»t'ai 
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is uooiit. 2 iiu'hcs, nu-asureil from the plane face tjf the rear 
lens. 

I’rof. A. K. Malon, (»f lirooklyn, has devised a condenser 
in nduch ihe inner lens is a nieniseus and the outer and 
larjLcer ones are ca'o.ssed len.se.s. It is used in many .scientific 
lantt'rns and is very effective. 

*riu' outer (U* movable lens cell projects beyond the 
hin^’ed plate, and receives a split rinjj; provided with a 
.shallow internal f^-roove, which fits over a corresponding 


Fit:, 5^.3. 



Microsctnio AttachmmU. 


circuluferential rib on the lens cell. 1 his split ring has a 
tuugeul screw for drawing it together, .so as to cau.se it to 
clamp the lens cell. It is also furnished with an ear, into 
which is screwed a bar parallel with the axi.s of the lens. To 
this bar are fitted the slide support, the supports of the pro- 
jecting lense.s, the a[)paratus for microscopic projection, the 
polariscope, tlie adjustable table, for holding tanks, pieces of 
apparatus, etc, 

A.s represented in Fig. 5«2 the lantern is arranged for 
projection of pictures, diagrams, and such pieces of appa- 
ratus as will go in the [ilace of an ordinary lantern slide. 
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The objective is a one-quarter portrait lens of good quality. 
For the support of tanks and other vessels for projection 
the table, z, shown in Fig. 583, is used in place of the slide 
holder. 

The attachments shown in Fig. 583 are employed for the 
projection of microscopic objects. The engraving shows the 
polariscope in place ; but this may be removed by simply 
taking the short tubes which contain the prisms of the polar- 
izer and analyzer out of the sleeves, g f. The stage is ar- 
ranged so that it may be revolved either with or independ- 


Fig. 584. 



Lantern Polariscope. 


ently of the polarizer, and the latter may be revolved inde- 
pendently of the stage. The objectives are supported by a 
movable plate, which swings so as to bring either of the 
objectives into the position of use. A small conically pointed 
spring boll locks this plate in either of its three positions. 
When it is desired to use a larger objective, the plate 
may be swung below the supporting bar, when the objective 
may be inserted in the sleeve,/. This arrangement ad- 
mits of applying a system of lenses for wide-angled crys- 
tals. 

In the projection of microscopic, or polariscopic objects 
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it is advisable to always interpose the alum cell or water 
tank, //, between the condenser and the Nicol prism or the 
object, to intercept the heat, and thus prevent injury to the 
prism or object. 

The table, i, which supports the tank, /r, is made adjust- 
able as to height to accommodate different objects or pieces 
of apparatus. In front of the microscope attachment is 
supported a centrally apertured disk, which prevents stray 
light from reaching the screen. 

The sleeve that supports the objective holder and the 
sleeve, /, slides on the tube, a, fitted to the support bar, and 
is provided with a pinion which meshes into the rack on the 


Fig. 5S6. Fig. 585. 



Application of the Ninet)’ Degree Prism, 


tube, a. By means of this pinion the objectives, together 
with the sleeve, f, are moved out or in for focusing. 

In Fig. 585 is represented a polariscope for large objects, 
which is constructed according to the plan of Delezenne, 
but modified by the writer so as to utilize a right-angled 
totally reflecting prism, such as is used for presenting 
objects right side up on the screen; also for throwing 
the beam horizontally from the vertical attachment, as 
will be described later on. 

The black glass polarizing mirror, d, is arranged at the 
polarizing angle in the path of the cone of light proceeding 
from the condenser. Below the mirror, d, is supported the 
right-angled prism with its reflecting side parallel with the 
mirror, d. The beam of light thrown downward by the 
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black glass is thrown forward by the prism. A revoluble- 
stage, r, and a tube, d, containing an objective and analyzing 
prism, are supported with their axes coincident with that of 
the light beam proceeding from the prism, c. Focusing is 
effected as in the other case. This arrangement is par- 
ticularly adapted to the projection of designs in selenite or 
mica, mica cones, semi-cylinders, and specimens of strained 
glass. 

There is an inappreciable loss resulting from the angle 
formed by the 90° sides of the prism with the incident and 
emergent beams. The polarizer works very perfectly and 
costs only a small fraction of the amount required to pur- 
chase a Nicol prism of the same capacity. It cannot, of 
course, be revolved ; but the object and the analyzer can be 
turned, which is sufficient. Very good results can be secured 
by employing a plane mirror in jdace of the reflecting prism. 
The bar which projects from the front of the lantern is made 
in two sections, connected by a close-fitting bayonet joint to 
give it sufficient length to receive the various attachments. 
Its under surface is provided with a V-shaped groove for 
receiving V-shaped gibs, carried by the sleeves of the clamp- 
ing screws and guided by slots in the sleeves. Wlien it is 
desired to drop any attachment out of the way temporarily, 
the clamping screw may be loosened, and the attachment 
may be turned down below the supporting bar. 

For such objects as must lie in a horizontal position when 
projected, the hinged plate which supports the outer half of 
the condenser is raised into a horizontal position, and a tri- 
angular casing containing a mirror is placed underneath it. 
The attachment is provided with short studs, which enter 
the front of the lantern and the hinged plate, and hold it in 
position. The reflecting prism (Fig. 585), or a plane mirror,, 
is placed over the objective to direct the light to the 
screen. 

To prevent the escape of stray light, a wire frame is 
attached to the body of the lantern, so as to support a black 
cloth canopy, which covers the entire front of the lantern 
and extends downward below the support bar. It is pro- 
vided with an aperture in front for the passage of the pro- 
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jected beam. In addition to this protection, the larger 
objectives may be provided with disks like that shown in 
5^3* It may also be provided with a hollow cone, 
extending from the rear end of the objective toward the 
object. 

These precautions in regard to the escape of light are 
particularly necessary in microscopic and polariscopic pro- 
jection, which require a thoroughly darkened room. In the 
projection of plain microscopic objects, it is found advan- 
tageous to place a plano-convex lens of three-fourths inch 
focus behind the stage. In many cases a parallel beam of 
light is required for polarization. This may be secured by 
introducing into the cone of light a piano or double concave 
lens of the proper curvature. 

An analyzer, formed of a series of thin glass plates, and 

Fig. 587. 
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Course of the Rays throufjh the Erecting^ Prism. 

arranged to show both transmitted and reflected beams, is 
desirable. By a second reflection of the reflected beam it 
may be combined with the transmitted beam, showing that 
the reunion of the complementary colored beams produces 
white light. 

In Figs. 585 and 586 are shown two applications of the 
90° prism. In Fig. 586 it is shown in position for erecting 
the image produced by the lantern. The course of the rays 
is clearly indicated in Fig. 587. 

The totally reflecting prism, w^hen used to render the 
beam horizontal in a vertical lantern, is arranged as shown 
in Fig. 585 ; i. ^., with one of its faces at right angles to the 
beam, and with its reflecting face at an angle of 45° with the 
beam, or approximately so. 

Probably the most desirable source of light for all pur- 
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poses is the oxyhydrogen or calcium light. The burner 
shown in Fig. 582 is an excellent one. It is provided with a 
platinum-tipped jet and is arranged for every adjustment. 
The lime cylinder can be revolved and raised or lowered. 
The jet may be adjusted relatively to the lime so as to 
secure the best results. As the gases are mixed inside the 
burner, they should be taken from tanks or cylinders in 
which considerable pressure is maintained. Gas bags are 
unsafe when used in connection with a burner of this kind. 

Gas cylinders, when used with care, are safe. It is a 
good plan to test both the oxygen and hydrogen before con- 
necting the cylinders with the burner, to see that neither of 
the cylinders contains an explosive mixture. This is easily 
done by means of test tubes or metallic tubes closed at one 
end. This tube is placed over the nipple of the coupling, 
and a small amount of gas is allowed to flow in. The gas 
is shut oS and the tube is instantly closed ; a lighted match 
is placed at the mouth of the tube, with the tube open. If 
the gas ignites and burns quickly at first and then goes out 
with a puff, it is hydrogen pure enough for use ; but if the 
gas explodes when the match is applied, it should be tried 
again ; if it explodes the second time, it shows that the mix- 
ture in the cylinder is explosive and should not be used. 

When a match is applied to the tube containing oxygen, 
it simply burns brighter ; no explosion occurs. 

In using the oxyhydrogen light, the lime cylinder should 
be adjusted so that it will revolve at a uniform distance of 
about tV inch to inch from the tip of the burner. The 
hydrogen must be turned on first, lighted, and adjusted to 
form a flame that spreads out upon the lime, and is 2 or 21- 
inches high ; the oxygen is then turned on until the light is 
at its full brightness and only a small fringe of red flame 
appears around the luminous part of the lime. The lime 
should be turned a part of a revolution from time to time, 
to present a new surface to the jet. When the light is to 
be extinguished, the oxygen is turned off first and then the 
hydrogen. 

By moving the burner up or down or from right to left, 
the best position of the light for covering the screen can 
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readily be determined, and by moving it toward or aw:iy 
h'om the condenser, the correct position lor the burner rela 
live to the focus of the lantern can be secured. The burner 
must be moved forward when the screen is distant and in 
the opposite direction when the screen is near. If a soft 
lime cylinder is used, the jet is liable to make a cavity in 
it, which will cause the flame to shoot out toward the con- 
denser. This frequently causes the breaking of the con- 
denser, especially when the burner is near tltc condenser. 
If the lime is apt to pit, it should be frequently turned, so 
as to bring a new surface oi)posite the burner, and the gases 
should be turned off, so as to diminish the force of the jet. 

Some lantern users place a thin film of mica -J or inch 
distant from the condenser, to [)rcvent the flame from .strik- 
ing the condenser. 

LANTK RN K .V PKRI M KN'I'S. 

The engravings represent a few examples of the projec- 
tion of simple physical cx])enrnents upon the screen. Be- 
sides a lantern, a few glass tanks with parallel sides will be 
required. These are preferably, but not necessarily, made 
of three pieces of plate glass, one a thick piece, having the 
shape of the cavity cut out of it, the others simply flat 
jueccs, attached to the opposite sides of the first by means 
of marine glue or other suitable cement. 

A cell made of plates of glass clamped on opposite sides 
of a bent rubber strip serves a good purpose. It is a great 
convenience to have several of each kind, .so that prepara- 
tions for ])rojection may be made at leisure. 

In Fig. 588 is shown the well-known experiment illus- 
trating cohesion. In the tank is j)Iaced a mixture of alco- 
hol and water, having the same specific gravity as olive oil. 
Into the mixture is very carefully introduced a globule of 
olive oil, which may be colored or not. The oil assumes 
a i)erfectly spherical form, and produces .1 very interesting 
image on the screen. 

In Fig. 589 is shown the method of projecting the exjie- 
riment in which the volume of equal ])arts of alcohol and 
water is less when they are combined tlian it is when they 
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are separate. The tank has a large chamber with a narrow 
neck. The chamber is divided in the center by a remova- 
ble partition having soft rubber edges. Water is introduced 

Fig. 588. 


Cohesion. 


into one division of the chamber, and slightly colored alco- 
hol is placed in the other division. The water and the 
alcohol are level with a mark on the glass. On turning the 
partition, the water and alcohol mix, and the level of the 


Reduction of Volume by Mixture. 

mixture immediately falls some distance below the mark or 
the glass. After a thorough mixture of the liquids, the par 
tition may be replaced in its first position. 



Cotton and Alcohol Kxpeiinujnt. 

without caiisinfj; it tvi overflow, nuiy be repeated so as to 
show it on the screen. 'I'lie smaller eompartineut of the 
tank is tilled with alcohol, ami in the kir^er compartment is 
placed a tpiantity of loose cotton. This is gradually irans- 


By arrang'ing- a tank with a partition near one end, us 
shown in Fi|^. 590, the experiment in which a lar^e amount 
of cotton is introduced into a vessel tilled with alcohol, 
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ujnvanL This is simply tiu* wt*U known rxprrimrnt «>! thr 
“ viiU nt lour elements." I'he liquids .ue meteurv, u satii. 
rated solution ol carbonate til {HUasjj m water, eolnreil ak'o» 
hol, aiul kerosene oil. This simjdr esperlnirril is vrrv Inter- 
estiujuf when perlormed in the usual wav ; but ivlien it is 
projected upon the screen, the stru^j’i^le of the tliflerenl 
Ii(jui(ls t«) reijfain e(|uilibrium. alter havini^ iH-eri lliorou|^hl) 
stirred up, is strikini^. 

A simple anti efficient rtuattir, in which the means ol 
connmmicatini^ mtary nmtion does it«»t ap|»ear on the screen, 
is shown in Fiij.s. 593 and 5 «>l> It# this a{,i|'»aratUH a i^lass 
wheel, pnnddetl with a brass rim. is furnished with a nhafl 



LANTERN i'ROJKCTION. 


103 

which turns in a lu)lc bored in the center ol a thick <^lass 
supporting- disk, '[die brass rim of (he udieei is provided 
with a series of radial vanes, also with three clamping 
scTCws bearing on sjirings in the interior o) the rim lor 
clamping the objects to be rotated. .'\ nozzle attacheil to 



Fto, 593. 


Rotator for tUc! Lantotn. 


the back piece is arranged to direct a jet of air upon the 
vanes, and thus cause the glass wheel to revtdve. A 
Fletcher blowpipe helhiws furnishes a suitable l)last (or 
this ])urpose. 

To the rim of tlic glass wheel ttre fitted disks lor hlend- 


Fin. 595. 
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ing colors Among these are Newton's disk.s, Fig. 5EJ5, hi 
one of which the colors of the .spectrum are four times re- 
peated, also a Brewster s disk, ‘fhese disks are made hv 
attaching colored films of gelatine to glass, or by tinting the 
glass by means of ctilored lactiuer. The nitattir is also t.ro- 
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with a strong acincous solution of one of tiu* inore brilliant 
aniline colors, and the slide is placed in the lantern, Nt)W, 
by gradually i>ressing down the lever, the glasses art* sep« 
arated by the entrance of the knife bc’tween their edges. 
The arboresc:enl forms grow downward in t !u‘ slide, and 
the aniline color lills them, while upon the screen huge 
ferns and cacti grow up with great rapidity. Any of the 
brighter aniline colors will answer, but green seems the 
most appropriate, as the extpnsite forms that appear tm the 
screen resemble leaves and vegetation more than anvthing 
else. 


Flc. fiijt). 



Lantern Slide fur iirojcciing Arburpstouil Ftirtn«. 


Without the application <tf color, the balsam yieltlH 
images which closely resemble richly emlnrssed white satin, 
the form of the figures being substantially like those shown 
in the engravings. Any viscid substance such as vaseline tir 
lard will exhibit this phenomenon, hut the hal.sam gives the 
be.st results. 

The annexed engraving show.s an ine.xpensive and very 
simple and effective tievice for exhibiting the action of the 
circulating fountain upon a screen. It consists of a glass 
tube of small diameter bent into the form of a volute, with 
the inner end of the tube cxtendcul laterally, and then lient 
vertically and provided with a funnel at the u|)per extretn» 
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ity. The tube at. the miter end s»t tin* i^ htmt mit- 

ward radially, then downward at rij^ht annh-N. ’Hie tul.u* 
thus bent is uuuinted on a board having a eiri utar aperturr 
a little larger than the spiral, sn that the entire spiral mav 
be strongly illuiuiiuited, while tin- entls «*1 the tulie leatliui.* 
to and from the spiral are eoneealed hv the board. 

Above the funnel is supported a reservoir with a fine 
aiutas^c, the reservoir beinir provi«!etl uilh a pointetl 
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wooden rod whioii extends dowti into the tiilir al the lower 
end and forms u valve lor rei^ulatin^^ the fl«nv o| liijtnd. 

The liquid employed is water m whii h lias t»rrn adfleti 
some coloring' mutter, such as aniline Itinr, ret!, or greeit. 
.A lew drops of aniline retl ink answeas |i»i this jesrpost’. 

I lie flow of the litjuid is startetl bv ioosrning the valvr. 
so tliat the water drops reguiaiiy into the Inline! til the tubr 
below. I he drojis should fall so as t«j inrlufle air spaerti 
between them, rhe litiuicl, as it issues Iroiii the d«»wii 
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warclly tuinctl ciul of the vS})iral, is received in a cup, by 
which it may be returuetl to the reservoir to be used a.n’idii. 

When it is desired to accelerate the motion ol the 
liquid in the tube, a short rubl)er pipe is connectetl with tlie 
downwardly turned end of the j^-lass tube. 

I'hc j^lass tube is about one-sixteenth inch interiud dia- 
meter, and the spiral is three and one-half iiu'hes in dia- 
meter. 

When the fountain is in operation, the material of the 
spiral appears to revolve, but each convolution at a differ- 
ent rate (d speed, owin^- to its increasinj^ diameter. When 
projected with a ^ood lantern and a strong liftilh, it becomes 
a very interesting' object. 

The exj)eriment illustrated in Fig. dor shows the grcait 
elasticity of certain solid bodies and the almost total want 
of ela.sticity in other solid bodies. Eii:. tun. 

This experiment is introduced ^ 

here mainly on account tjf its 
adaptal)ility to projection with 
a lantern. A thick plate ol 
gla.ss, a small slab of marble, or 
better, a bar of tempered steel, 
is supported so tluit its upper surface appears in the held 
of the lantern. A small gla.ss ball, or a ^ or .1 incli hardened, 
ground, and polished steel ball, such as is nuule by the 
Simonds Manufacturing Company for bail bearings, is 
dropped upon the glass or steel from a measured height 
within tlie field of the lantern. The im{»act compresses the 
ball and the plate. At the instant following the .stopping 
of the hall, the ball and the plate, by tlieir own elasticity, 
return to their normal condition, and the force stored by 
the impact is given out in.stantaneou.sly, forcing th<' ball 
back toward the point of starting. If inuiisturbed, the hull 
will fall and rebound again and again, losltig a little of its 
force each time until it finally comes to rc'st. 

By substituting a lead |)latc for the glas.s or .steel plate, 
or by substituting a lead hall for the glass or steel tmi\ it is 
found that the force accpiired by tlie hall in its dcHceut is 
expended mainly in changing the form of the plate or ball, 



Kl.istiriiy nf Si»htl lltitlirH. 


EXPERIMENTAL SCIENCE. 


io8 

and that as the inelastic nature of the material prevents it 
regaining its former shape, there can be no rebound, as in 
the other case. 

The property of elasticity is also shown by the collision 
balls illustrated in Fig. 602. This well known experiment is 
adapted to the lantern, and shows well on the screen. Six 
of the steel balls already referred to or six small glass balls 
or marbles are required. Each ball is provided with a small 
metallic eye, which is attached by means of cement or 
fusible metal used as a solder. Five of the balls are sus- 
pended from the two wire supports by fine silk threads, so 
that they all hang in line and touch each other very lightly. 

Fig. 602. 



Collision Balls. 


The sixth ball is suspended by a wire, which is bent down 
between the supports to receive a thread which extends 
through an eye attached to the supports and serves to draw 
back the sixth ball. The thread by which the ball is moved 
is not noticeable, as it is partly or wholly concealed by the 
supports. By drawing back this ball in the manner indi- 
cated, and then allowing it to fall, its impact will slightly 
flatten the ball with which it comes into contact, and each 
ball in turn transmits its momentum to the next, and so on 
through the entire series. The last of the series is thrown 
out as indicated in dotted lines, and upon its return its im- 
pact produces the same result as that already described, but 
the effects are in a reverse order. 
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A very simple, pleasing, and at the same time instructive 
lantern experiment is illustrated in 'Fig. 603. A lodestone 
supported by a brass wire from the baseboard is arranged 


Effect of a Helix on Suspended Particles of Iron. 

magnetized needle is dipped in the filings and removed,, 
showing that it has no power to lift the filings ; then while 
it is still in the field of the lantern, the needle is rubbed 


Magnetization by Lodestone. 

to project into the field of the lantern without showing the 
wire. Under the lodestone is placed a small cup filled with 
fine iron filings, and also in the field of the lantern. An un- 

Fig. 604. 
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across the cutl of the lodcstom* and tiu* sccoutl time 

into the iilinj^s. 'Phis time the Jieetde takes U|* a tjuuutity 
of the lilimcs, showiu}^; that the huiestone has imparted inaix- 
nctic jiroperties to tiie neetlle. 

'Po render this exjierimetit eoinplete. an ercetinif prism 
must l)e used to cause the image in appear right side up on 
the screen. 

The etTect of a helix on particles of magnetic material 
sus}iende(l in a li(|uid is slunvn in the expuniment illustrateil 
t)V Fig. which is arrangetl tor prtyjeetion or hu itulivid. 
ual observation. A slujrt section c»t glass tuhitig, inches 
in diameter and f inch long, is groiuHl tmie and smouth at 
its eiuLs anti ehunped between two plates i>! glass with inter- 
veiling rings of elastic rubber. Beioit* clamping the parts 
together, one end of (he glass tube is t'cmented tt* the paek» 
ing ring, which in turn Is cemented to the glass, ami a small 
(|uautity of fine iron filings is phu'ed in the t'ell, the eel! is 
tilled with a fifty per cent, .solution of given int* amluh tiluil, 
and ti helix formed of five tir .six lave ‘s of Sn. tt* magnet 
wire is iilaeetl upon the glas.s tidie. The remaining paeking 
ring i.s {ilaeed on the end of the glass ttdn*, the seront! glass 
plate is put in positUin, the clumps are applietl, ami the appa» 
ratnsis ready for use. I’hiH method of making theec'll leaves 
an air fmhble, which is needed to allow the liquiil to expand 
freely. 

By thonmghly agitating the litjuitl, the iron filings will 
he evenly distributed thnnighout the c ell, and they will lie 
prevented from fulling immediately by the viscid nature of 
the .solution. 

When a battery is connected with the helix, the iron 
particles arratige themselves at right attgles to the wire and 
parallel with the light beam, alienving more liglit to pass. 

Tlie effect produt:ed in the magnetic field by the pres, 
erice of an armature is shown by the lantern experiments 
Illustrated in Fig.s. f>o5 and fiofn 

In Fig. (ms is shown a {lermanent magnet having the 
form of a field magnet of a dvrianio. Tliis magnet is 
cemented to a plate of glass. When the magm*t thus 
.arranged is pdaced in a vertical lantern, with the giass 
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iippermost, and a few fine iron filinii's are s[)riukleil nn die 
glass, the usual magnetic curves are lonm-tl. 'The Hues 
will extend straight across from one polar exlremilv ol the 
magnet to the oilier, and at the ends will be formed sym- 
metrical, approximately semicircular curves. When a 
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The MuKiiflic Field. 


•cylindrical piece of iron, re[)reseuting the aruuiture core 
of a dynamo, is inserted between the poles of the magnet 
in the place usually occujiied by tlie armature, the lines are 
deflected inward, becoming ])ei-|)endicular to the periphery 
ot the armature. The iron representing the armature is 
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Kffect of an Armature on the Mairnntlc Flt'hJ. 


cemented to a second plate of glass. 'Flie iron partieles 
arrange themselves in a more pronounced Hgurc if the 
glass plate upon which they are .sprinkled be jarred sligiitl v. 

In Fig. 607 is shown a mc'thod of forming magnetic curves 
for projection in which the iron particles slowly arrange 
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themselves under the influence of the magnet, giving the- 
appearance of crystallization. In a closed cell is placed a. 
quantity of glycerine, into which is introduced a quantity of 


Fig. 607. 



Magnetic Field. 


fine iron filings. In the top of the cell are inserted two soft 
iron pole pieces, arranged to receive the poles of a perma- 
nent magnet. The glycerine is thoroughly agitated, so as to- 


Fig. 608. 


Projection of Electric Spark. 



distribute the filings as evenly as possible throughout the- 
cell. The cell is then placed in the lantern, and the mag-net 
applied to the pole pieces. The iron particles will be drawn 
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slowly towai'tl the ])olc pieces, arningin^^ themselves in sym- 
metric curves. 

In Fi^. 608 is shown ap])aratus for the projection of ihc 
static (lischar<ji-e. It consists of a stand haviiif;- two viilcaniti 
columns, in the ui)per ends of which are inserted adjustal)!c 
brass rods, i)rovided with brass balls at opposite emls. I'ln 
adjacent balls arc adjusted to the striking di.stance and 
focused on the screen. The lisi’ht for projection should be 
only strong' enough to show an image of the balls. When 
the conductors of a static machine or induction coil are 
connected with the brass rods, the path of the spark will 
appear as a brilliant white line on 
the screen. The discharge of a 
Leyden jar is still more brilliant. 

The apparatus showti in Fig. 

609 is dcvsigned to show upon the 
screen the experiment known as 
the electric fountain. A small glass 
vessel provided with a ('apillary 
tubulurc at the bottom is sup- 
pt)rted above a tumbler. 'I'hc 
vessel is filled with water and tlie 
capillary aperture allows the water 
to drop slowly when acted upon 
by gravity only, but when the 

water is electrified by connection t'-U'cirlc-ul Rt-pulslon. 
with a static machine or induction coil, it issues in a fine 
stream, the change in the cluira'cter of the discharge being 
caused by the mutual repulsion of the [larticles of water. 
In all these experiments an erecting prism is recpiired. 

The discovery of the action of an electric current upon 
a magnetic needle was made by Christian Oersted in 18 ly. 
It is shown by experiment that the magnetic needle tends 
to arrange itself at right angles to a conductor carrying a 
current. 

In Fig. 610 is illustrated a piece of apparatus for demon- 
strating this fact, cither to a few individuals or to a large 
assemblage, by the aid of a lantern. It consists of a com- 
pass with a glass bottom having the scale marked on it. 
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The needle turns on a pivot projecting from a little plate 
cemented to the center of the glass. When a conductor is 
laid across the compass, parallel with the needle, and a cur- 
rent is sent through the conductor, the needle is deflected 
in one direction or the other, depending upon the direction 
of the current. 

The amount of deflection depends, of course, on the 
strength of the current. 

In the year following the discovery of Oersted, Schweig- 
■ger found that the power of the current over the needle 
was increased by causing the current to pass several times 
around the needle. Owing to this fact, the galvanometer 
was iormerly known as the galvano-multiplier. A conve 


Fig. 610. 



Compass for projecting Oersted’s Experiment. 


nient and useful galvanometer for ordinary use, and for pro- 
jection, is shown in Fig. 611; 1 showing the complete in- 
strument in perspective, 2 being a diagram of the circuits, 
and 3 being a transverse section of the compass box. The 
foundation of this galvanometer is a fine photograph on 
glass of a complete scale of degrees of -the size of an ordi- 
nary lantern slide. Upon the center of the photograph is 
cemented a small metallic disk, in which is secured a fine 
needle point, and upon this is poised a jeweled compass 
needle taken from a pocket compass. 

To diametrically opposite sides of the boss of the com- 
pass needle are soldered the heads of two entomological 
pins, which are perfectly adapted to this use, being long, 
thin, and finely pointed.. These are arranged exactly at 
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right angles with the needle. To one of these ])ins is 
cemented a thin paper arrowhead, and upon the other pin 
is placed a small drop of solder to counterbalance the 
paper. 

The cc^mpass thus formed is ])rovided with a glass cover, 
separated from the scale by narrow strips of wood. The 
baseboard upon which the compass is mounted is provided 
with a round central a])erture, a little larger than the circle 
of the scale. Across this aperture is secured an oblong 
rectangular coil, wdiich will ))resently be described. The 
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ends of the coil are let into recesses in the baseboard, so 
that when the compass is in its place the needle will occupy 
a central position in the coil. Tlic compass, after adjust- 
ment, is fastened in place by six small brass screws, and 
along one edge (d the compass is arranged a permanent bar 
magnet, which is held in its place by two pins. The bar 
magnet serves for adjusting the pointers to xero, and ren- 
ders the compass independent of the earth's magnetism, 
so that the galvanometer may be used in any [losition 
without regard t(j the magnetic meridiam 
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The Coil consists of a narrow copper trou^^h, A (see 
diaL^raml, of U-shaped cross section, one-fourth inch wide 
and one-eiKdith inch deei), se]»arateil a short distance at one 
end of the coil, so that tiie current may he sent around the 
needle throug-h the cojiper trou^di alone when desirable. 

In the trouf^h is wound a quantity of No. 40 silk«cov. 
ered copper wire, formin|^ the coil, B. one ternimal of 
which is fastened to one end of the copper trou^di ui such 
a wav that the trouf^h (orms a continuation ol the coil. I he 
opposite or outer end of the line wire coil is connected with 
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the switch point, I), I'he corresponding end of the trough 
is connected with the switch point, (', uml the remaining 
terminal of the trough is connected by a wire» C# , with tht- 
ctintact spring at one edge ol the busebourtl. I he contact 
spiring at the opposite edge of the baseboard is connected 
with the pivot of the switch arm, K. 

The contact springs arc designed to make connections 
with tlie studs on the lantern* which in turn are connected 
with the conductors of the galvanometer circuit. 

When the switch arm, K, is on the point, C, as shown in 
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the diagram, the current passes through the trougli tmlv. 
Arranged in this way, the galvanometer is adapted to the 
mcasui'cment of heavy currents. Wlien the switch arm 
is on the point, D, the current goes through both the tint 
wire coil and the trough. In this way the instrunient is 
adapted to light currents. This galvanometer is adapted to 
the general run of ex[)erimental work. It makes a good 
image on the screen or ceiling when u.sed in a lantern with 
a vertical attachment. I'he magnet interferes somevvlrat 
with its sensitivene.ss, and may be removed when very deli- 
cate action is desired. 

In 1820 Ampere discovered that the action of a con- 
ductor in which a continuous current of electricity is main- 
tained is like that of a magnetic needle. He replaced the 
needle by a delicately pivoted conductor, and demonstnited 
that all of the phenomena of the needle could be repro- 
duced by the suspended con:luctor. 

Another curious discovery, due to the .same great phy- 
sicist, is that of the mutual attraction and repulsion of 
parallel conductors. Apparatus for exhibiting tins pheno- 
menon is illustrated by I'ig. dij. In this figure the j)er. 
spcctivc view shows the device adapted for projection, ami 
the diagram sliows the circinls. 

Two parallel wires, A, H, are arranged one above the 
other, the wire, A, being tixed, the wire, H, being movable. 
The wire, A, is l)eut twice at right angles, and its etuis arc 
inserted in the ba.seboard. Tlie wire, b, is bent twice at 
right angles, and the arms thus formed are prtjvided with 
eyes whicdi arc suspended on delitaitc pivots ort the stand- 
ards, c\ d. 'rhcscarms a prolonged beyond tlieir pivc»ts timl 
provided with weiglits for counterbalancing the wire, the 
weights being so arranged as to cau.se the wire. B, to rt'St 
normally a short distance, say one-fourth or three-eighths 
inch, from’thc wire, A. 

The connections with the battery or other electric gen- 
erator are through the hooks, a, b, A current-reversitig 
switch is provided, by which the current may be made to 
flow in the same direction or in op^josite tlirection througfi 
the conductors, A, B. VV^th the switch in the position slunvn, 
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the current arrivinjj^ iit the liook, n, passes in the clirection 
of the arrow to the switc'h arm, /, point, point, t, anti 
standard, r, thrcui^li the condnetor, H, to the* stiindai d, <*/, 
thence to point, //, to the switc'h arm, e, tlienc'c tluou|^li the 
conductor. A, to the hook, 1 he* c'urrent tlo\vin|if in oppo« 
site directions through the c'onductors, A, H, c«iust s tlic re- 
pulsion of the conductor, B. 

By shifting the switch arms, r./, to tlie points, /, /#, the 
current will flow through both conductors in the same direc- 
tion, thereby causing them to mutually attract each other, 
the result being the movement «)f the conductor, B, toward 
conductor, A. This aj)paratus is designed especially hm 
projection, the parallel wires only being visible on the 
screen. 
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A simple way of illustrating Arago’s experiment showing 
the magnetking effect t)f an electric current cm soft iron is 
represented in Fig. 613. The lantern to which this and 
other pieces of apparatu.s are adapted is provided witli two 
rods projecting from the front of the instrument and connected 
with binding posts, which in turn are connected with a battery 
or dynamo. The base of this apparatus is furnished with spring 
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On the base below the curved part {»f the wire is placed a 
box well hllcd with iron lilin^sS. The box and the wire are 
projected on the screen, an erecting prism beinj^ used. I he 
wire is pressed downward into the lilin^s and withtlrawa 
before the current passes, to show that tlie wire, uninllueuced 
by the current, is not able to lift the lUiuj^s. The current is 
sent throug'h the wire, when it isa^ain dipped into the blinds. 
This time it will take iq) a (juantity of the hlinmfs, as shown in 
the engraving, each fragment of in)n becoming a magnet » 
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which tends to place itself at right angles to the current. 
When the current is interrupted, the filings fall. 

In iFig. 614 is represented a device for slunving the mag» 
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are provided with a coatinj;; oi insidatin^' varnisli. A darn- 
ing needle is placed in each helix, and wheti no current is 
j)assing. a magnetized cambric needle, su.spendeii by a tine 
tlireatl, is held near the eiuls of the neetlles in allcniatitin. 
It is drawn toward botii alike. 

Altera current has l)een .sent thnutgh the helices it will 
be found that the darning needles are magnetic, but, tiw ittg 
to the opposite winding ol the* helict's, corresponditig ends 
will have opposite polaritv. as will be shown by agaiti pre- 
senting tlie susjiended cximbrii* needle to the ends ol the 
daniing needles. It will heattraeted by one ami repelled by 
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the other. By {)lacing a U-shaped piece of soft iron wire in 
the helices, as shown in lug. 615, the cc»nstructii»n of the first 
electro-magnet (Sturgeon's} is clearly illustrated. 

In Fig. 6tG is shown a device for projecting the iiteandes. 
cent lamp. It i.s suspended from two condnetJirs, and its 
image is thrown upon the screen with a dull light whii h tn 
just sufficient to clearly show the outline of the lamp ami the 
black carbon filament. A current is then sent througli the 
lamp, when the filament becomes incandescent anti shows as 
a brilliant arch on the screen, while all the parts td the lamp 
are distinctly visible. 
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In Fig’. 617 is shown a metliod ol projcftiiig thf ('li'ftric 
arc which has the advantage ol sht)wing the i-arlauiv Isflnre 
the arc is formed, and also of rendering them visible tim ing 
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the experiment. The lamp consists of two wire cat bon 
holders attached to a wooden standard and connetied uith 
the rods of tlic lantern, UvS in the cases before descnbetl. The 
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carbons are projected with a dim light, showing tfte crater 
of the positive carlton and the point t»f the negative carbon 
Then the current is turned on, the carbons are brtmiiht inpi 
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contact and separated, foruunjLT tlie arc, the points sc)on 
become incandescent, and the arc: iP itdl operatitui is 

seen on a lar^e scale on the screen. 

'I hese experiments are very strikin^^ when seen upon a 
lari^e screen, the projet:tion of thearcand incandescent lights 
bein^^ particularly interestinj^. 

By inserting four sc’rew hooks in a standard and stretch- 
ing’ the bands over the hooks, as shown in Mg. (d.H, the rock- 
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ing prism shown in rig. 21B is adapted tor use in coiintx’tioii 
with a lantern. The light emerging from the lantern must pass, 
through a narrow slit to secure a perfect spectrum, and be- 
tween the screen and the prism shtndd be placed a screen 


it is an easy matter to turn it s 
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and allowed to fall, thus continually changing’ their pfwjtinn 
in the field. This object shows to the best ativantage the 
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^org'cous colors of pohirixccl li*4ht. Small pictfs ol tjuait/ 
exhihitcd iu the same wav jirocliuT brilliant elfecls. 

In 621, at <t tiiul /c are shown the elieets ol ^lass 

inulcr [)ressurc iqton a beam ol pt)lari/e(l liijfht. At ts, a 
leetangular block of thick ^’lass is arran^etl in an apertured 
plate bc'twcen a convex ed^e, A, and the etmvex follower, C. 
the latter hein^ forced downward hv a screw which is 
turned so as to bnn}4 more or less pressure to iiear upon 
the cd|»;e of the ^lass. The hrillianev of the color and the 
fonti vary with the pressure. Iti the other ease, as shown 
at b, the pressure acts upon tliuf^onal lines frtnn C' to B. B, 
with the results indicated. 

VIHRATIONS OF DlAl'HHAt.MS. 

I'lie telephone and phonfjjL>;raph show ciinelusively that 
the human voice is able to set t‘ertain bodies in active* vibra- 
lion. These vibratioms may be detected by touch, !»ut they 
are not discernible by the unaided eye. It has been siiown 
that the force which pniduces them is able t(» perturm a 
considerable amount of work. A teleplume diaphrai^m is 
able to vibrate sufficiently to transmit speech, even when 
heavily weighted. A diaphragm, when placed in a hori- 
zontal position and damped by a five poimd weight sus» 
pended from its center, transmitted speech et|ually as well 
as one not so damped, the only difTerence being a eonsider- 
able loss in tlie volume of sound. 

Mr. Edison some years since devised a piece of appara- 
tus known as the plumomotfjr, in which a diaphragm 
vibrated by the voice was made to rotate a wlieel at a liigb 
vchjcity. In the phonograph the cutting stylus, which is 
moved by the diaphragm, exhibits, when in acti«»n, some- 
thing {)f the {)ower of the voice, and the engraving on the 
cylinder of the plumograph shows tlte ctunplex character 
of the vibrations of the dia[jhragm, but mt fio smai! a scale 
as to he difficult of ol)servati<»n. 

The use of the apparatus shown in the annexed engrav’- 
iiigs is, first, to show by means of the lantern that the tele- 
phone diaphragm vibrates, and, second, to exliibit fiv the 
same means the character of the vibrations. 
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At I, ill Fig'. 622, is sliowii a tt'lt'i'honc iliapiitagiu ar 
ranged u[)()n a standard and atla[)ted ft»r piuiecticm. I his 
apparatus is shown in section at 2. d'o the fop ol tlie dia- 
phragm cell is secured a hook wliicii supports a snsail me- 
tallic ball opposite the center of the diaphragm bv means nt 
a line silk thread. The ball hangs normally in contact with 
the dia})hragm, but when sounds are uttered tu tlu* tube 
attached to the cell, the diaphragm is vibrated, its motion 
being made manifest liy the repeated repulsion of the f»alh 
In Fig. 623 is shown an instrument hu tracing tipoti a 
smoked glass a record of the movements ol the diapiuagm. 
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Kxperiment shovving the Vibraticin of a 


A wooden frame is supported liy a standard Hceured tt» tlm 
baseboard. The face of the woodeti frame is grooved to 
receive the smoked glass plate, which is helil iji the gro*»vr 
by four spring clips, so that it may be moved itp mv down 
after each tracing, preparatory to makiiig a titwv one. In 
one edge of the frame are inserted turn parallel khIs. which 
are further supported by a standard attaehetl to the base. 
The standards are made adjustable tti atlapt the insirm 
ment to lanterns of different heights. Fhe arm width 
supports the diaphragm cell is provitled with a sleeve 
which slides freely on the upper mti, and tt is fyr 
nished at its lower end with a fork whteh partly nii. 
braces the lower rod. By this arrangement, the diaphragm 
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cell is truly g'liidetl wliile the traeiuj4' is lu*iu|4' luade. and at 
the satiK' time the eiuistruetiiui allnuK <tt the eell 

whenever it is desirable t«> reuuive tlu* traeisn^ jHiiiit irtmi 
the surface of tin? |»!ass. *riu‘ diaphra^ta t ell roasists dI 
two chainl)ered recessed disks fastciiet! toi^ethcr witli 
screws, and clamping between theui a thin iron diapliragni. 
The upper disk is aperturetl and providetl witli a lh*vible 
tulie tenninatinjjc in a mouthpiece, 'Po the center of the 
diaphragm is attached a stud, which is pivtitcii to the true- 








in^ lever^ this bein|*: fulcruntetl in it riictd arm |iro|ectin^ 
downward from the c.dl. The free end of the traidnn lr*ver 
carries a fme cambric needle, which liifhtly toychrs the stir» 
face of the smoked ijlass when flic cel! is in the position 
shown. Tlie traeinjc lever is made’ «»f a thin bar of alum- 
inum, which cansprini^' laterallv, lint wliicli is very riptj in 
the direction of its tnotimi. 

When used, tlie u{»paratus is placed with reference to the 
lantern ho that the opening t»f the wooden frame will come 
within the cone of light in front of the condenser. The 
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smoked g’lass is focused on the screen, flic diaplini^ni ct‘11 is 
placed near the wooden frame and held in one hand, while 
the mouthpiece at the end of the Oexible tube is held at the 
mouth by the other hand. Now, while a sound is made iti 
the mouthpiece, the diaphrug'm cell is cpiickly but sttaidilv 
drawn alon^, so as to cause tlie tracing needle to trav- 
erse the smoked glass. A sinuous line will be formed 
upon the glass, which will be characteristic of the 
sound uttered, and this line will appear upon the screen 
as it is formed. By tilting the diaphragm cell, and inov« 
ing the smoked glass, and then returning tlu‘ cell to the 
point of starting, the o])eration may be repeated. It will 
thus be seen that, by means of this instrument, a somul may 
be produced and analy?:ed at the .same moment. 

Ari'ARATtlS I-'OR I'OMI'OUXDINC. liKCTAXcm I.\l^ VIURATinNS. 

The comi>ound pendiduin illustrated In* Idg". 624 lias 
advantages over those of the usual form, in being atlapted 
to the ordinary horizontal lantern and in being less euinbei - 
some and more easily managed. I’erhapsthe nujst itnport- 
ant dilTerence between tin's and other instruments td its 
cUivSS lies in tlic tracing arm and point. With tliis appa- 
ratus tlie beautiful curves of Id.ssajous appear on the sereen, 
while the arm that traces them is invisible. With densely 
smoked glass this feature is not st) iippurent, but wiien eob 
ored collodion tracing (Urns are used, it is a m)Vel sight tt) 
witness the dcvelo{)ment of these intricate figures by a piiut 
having no apparent support or guide. 

An apertnred board having a reees.s for receiving the pre- 
pared glass plate forms the body <»1 the apparatus. 'Uns 
board is connected by an iron standard with a base* piece 
which is clamped to tlie lantern table in the manner shown. 
To the upper edge of the board is .sccurtal an arm provirled 
with a horizontal vStud upon which aix* pivoted two pendu- 
lums. The rear pendulum i.s (irolouged ahr»ve its pivot, ami 
is jn-ovided with a right-angled arm [irojertiug toward the 
lantern, parallel with the back board. The upper end of 
the rear pendulum is provided with two or three inter- 
changeable weights, varying from two to six pounds, and 
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ncl is pn»vitk‘(l with a Jiinvalile Wfi,., in df 
Is. Tlu* frcttif jtriuiulum MtvjK'iulfd Irdui (Ik* 
uul is also furnishfil uitli a inovahk* tua'ht- 
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eiul an acljiustablc counterbalance' weij^ht. 'riie <lisk i< 

provided with a small central ajjerture, in which is iusintcd 
a fine needle. To (he olTset bar, hall way l»etwecn its ctnr 
ncction with the pendulum rod and the needle, is pivcf(t*d 
a rod which is [)ivolally connected with the hori/unittil arm. 
of the rear pendulum. 

The ofTset bar is made of thin spring' material, atul is 
bent so that the needle presses lightly upon the prepared 
glass held in the recess of the back bt)ard. The prepared 
glass plate is retained in the position of u.se by two spring 
clips i)ivoted to the back board and arranged to press up«m 
diagonally opposite corners of the gla.ss. d'hc needle is held 
away from the glass while starting the pendulum, by means 
of a thread (not sliown) attached to the annular frame and 
connected with a fixed support in front of the frame ami 
distant about a foot. 

The adjustment of the weights for the different tiguri's 
is ascertained by experiment, and the pt)sition «»l llm 
weights is accurately indicated on the pendulum rods. Th(« 
apparatus is placed iu position on the table, and the lantern 
is adjusted to it. 

The colored collodion for the films is prepared by thiu 
ning ordinary plain collodion with alcohol diluted with 
water, then adding to it an alcoholic solution of auiliue til 
any desired color. 

The glass plate is pre^iared for use by flowing the cob 
lodion over it and allowing it to dry. If the film proves ttjo 
hard and tough, it may be modified by adding a small 
quantity of water to the collodion, ‘bhis film gives a uni- 
form tint on the screen, and is dense ermugh to elearl\' 
show the lines of the tracing. 

After the tracing [loint has been drawn back in the man. 
ner described, and the prepared glass plate is in place, the 
pendulums are drawn aside and tlie rear one is released. A. 
a certain phase of its vibration (which will be determined 
by experiment) the front pendulum is released. If the 
needle describes the desired curve, the unrudar frame i , 
released, when the needle traces the figure which appear . 
upon the screen. 
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For the production oI ot’f-luuul tracin|4:s tor illustrations, 
especially (lurin|4' the projection oi u series 0! rKpentnents or 
pictures, notlun^^ can excel a jtantoi^^raph aelapted to the 
lantern, T\V(» forms are here Hh«»\vn. lioth «»f which pro- 
ducc figures (ni the prepared i^hiss witluiut exhibiting the 
arm which the work is done. 

The instrument shown in Fig, is, perhaf»s, hardly tle» 
serving of the name given tt» it. as it is not stnctly <lrsigned 
for accurate copying, on account of {fisteirtion, inU it may 
be used in copying when a true figure is ti«){ iittpiuiant. It 
is designed ratlier for tracitig upon the preparetl glass while 
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the operator watches the progress ttf his work as it k pro. 
jeeted upon the screen. 

The baseboard is provided wirfi a sc|uarr central <»pen. 
ing, having around it a rafd>et lt»r receiving the prepared 
glass, I his latard is adaptetl to the latiteru, and furtiishetl 
with a pair t)f small huttoiis ft»r engaging diagonally op|KK 
site ctirncRs of the prepared glass and holding it in place, 
Fhe^ tracing tirm consists of a snuare metallic frame, tarn, 
taining a glass plate, anti Itaving at one edge ast arm carry, 
mg a tracing ptnnt, and provided at the ^tijpusite edge with 
two^ parallel rods arranged to slide freely thrcHigli a blcH.*k, 
pivoted to the haseb<iard. 1 he center of the glass in the 
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frame, a, is perforated to receive a needle, i\ which is pressed 
forward toward the prepared ^lass by a small spiral spriui^-, 
as shown in the sectional view. The needle thus supported 
may be moved around upon the prepared j^lass in tiny re- 
quired direction, and it may be readily lifted from the j»late 
by pulling the tracing point away from the baseboard. 

By placing a design upon the board, it may be traced 
and reproduced upon the screen, and, if the designs are 
specially made so as to compensate for distortiim, correct 
tracings will be produced. 

By means of the pantograph shown in Fig. 626, anything, 
large or small, may be readily and correctly traced. 'I' he 
levers are arranged relatively, so as to produce upon the 
prepared glass a tracing one-third of thesixe of the original. 
With this panti)graph, writing, figures, maps, diagrams, 
sketches, etc., can be made with great facility. 

The baseboard of this instrument is nece.ssarily someudmt 
cumbersome, as provision must be made for the supports of 
the pivot of the pantograpli, for the prepared glass, and for 
the design to be traced or a sheet of j)aper on whicfi to 
mark. The baseboard is adjustable uj) and ilown on a 
slotted standard, and the latter is provided with a foot, 
which permits of clamping it to tlie table. 

The metallic frame, which is attached to the arm, A, 
contains a transparent jilate of glass, having a central per- 
foration, in ^rhich is inserted a stout .sewing needle^— a small 
carpet needle for example. The bar, A, is pivotetl to one end 
of the short metallic bar, r, and the ojijiosite end of this bar, 
Cy is pivoted on a stud projecting from the rock shaft, f/, 
which can turn in supports attached to the basebounl. 
Upon the same stud is piv(»ted a bar, A', which extends 
parallel with the bar, A, and both these burs are pivotally 
connected with the bar, c\ The lower end of the bar, e\ is 
provided with a tracing point, for which a lead pencil 
may be substituted when an original design is to be made. 
The paper on which the design i.s drawn is attached by 
drawing tacks to the lower part of the l>asebt»ard. The 
rock shaft, dy is provided with a long key, e, which extends 
downward, and is pre.s.scd outwardly by a .s{»ring uiulerneatn 



it. Tiic kev' is prolonged above the roek .shalt, where it is 
provided \vitl\ a screw tor limiting'- the motion ot the key and 
shaft. The arranf^ement of the shatt and kev shown in the 
small detail view. 

The shorter arms of the levers of the system are 4 inches 




long, and the longer arms are u inches long, 


between the bans, ^ is 4 inches, the distance tietwcen the 
bars, r r’, is 12 inches, the distance from the tracing needle 
at the center of the tran.sparent glass to the pivotal etinnee* 
tion of the bars, ^ r, is 4 inches, anti the length of the bar, c’, 
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from the pivotal connection of the bar, b' , to the tracing point, 
y, is 12 inches. 

The glass plate on which the tracing is made is preferably 
coated with collodion colored with aniline. If this is not 
convenient, the glass may be smoked. 

The needle is prevented from touching the prepared glass 
by pressing upon the key, e, thus slightly twisting the entire 
system. When the point of starting is reached, the key, 
is released, when the spring under the key, through the key, 
rock shaft, and bar, c, carries the frame, a, forward, and 
brings the tracing needle into contact with the prepared 
glass, when the tracing begins. When it is desired to inter- 
rupt the line, the key, e, is again depressed, when the needle 
may be moved to a new position without making a mark. 

THE CYCLOIDOTROPE. 

The novel and very pleasing and interesting lantern slide 
shown in the annexed engraving is of English origin. The 
inventor, Mr. A. Pumphery, of Birmingham, England, is en- 
titled to much credit for having produced a simple device 
capable of illustrating on a large scale the intricate opera- 
tion of engine engraving. 

The figures shown in the smaller engraving (Fig. 628) 
were photo-engraved directly from plates 'traced in the ap- 
paratus. They show some of the simpler forms of curves. 
By changing the adjustment of the tracing needle or the 
arms which support and guide it, an infinite variety of 
figures may be produced. 

The ring, which revolves on the plate, is recessed around 
its inner edge, and lined with soft rubber for the reception 
of the glass disk, upon which the tracing is to be made. The 
glass is held in place by the pressure of two springs carry- 
ing rollers which bear upon the face of the glass at diame- 
trically opposite points. 

The face of the ring has a toothed rim, which is engaged 
by a small pinion on the crank shaft, and the periphery of 
the ring is provided with 202 spur teeth, which engage a 
pinion having 33 teeth and turning on a stud projecting from 
the base plate. 
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The spur pinion carries an adjustable crank, llie pin of 
wliich turns in the crank arm, and is apertiired transversely 
to receive the tracing’ rod, which may be clamped therein 
by the thumb scre\v. 

The tracing rod passes through a stud arranged to turn 
in the end of the movable arm pivoted to the base plate. 
The tracing rod is hollow, and upon the end which projects 
over the toothed ring it carries a curved spring, i)rovided at 


Fig. 628. 



Tracings produced by the Cycloldotrope. 


its extremity with a steel tracing point. A wire puH.sing 
through the hollow tracing rod engages tlie under side of 
the curved spring, and lifts the [joint from the glasH. 

The glass is prepared for tracing by smoking it over a 
candle, lamp, or gas jet, or, better, by coating it with ct»b 
lodion, to which some aniline has been added to give it the 
desired tint. 

The glass having been secured in place in the toothed 
ring in the manner described, the tracing point is let down 






I'Arr.KiMKN r,\i it i- . 


upon the i^la^s bv tlniwiie^ «*ui tlir- wiic* its f hr liulhnv t 
roll, ‘rhe thru rntatrsl In istrausMl tlirrr.mh, 

when a evri‘'itltil eurv<* uilt !«• trarril **11 f !«' Bvi'uii. 
tinned retatitai the eurv«-s u ill i»e dtipliralrd : auti as the 
number of teeth in the peripliery of the riii^ is nut an exact 
multiple of the mnnber of teeth in the pinion, the rini^ will, 
by tlie clifTerential moveinetU, esmtimtallv fall iirliinti the 
nioveinents of the pini«»n ami tracer ear ried liv the taatik oa 
the pinion, so that a small H[»ace is left betw'ern the lines uf 
successi/e series. By contifnunvt Bn* operalsun the Hues 
will intersect, until tin dl y a beantifnl, syittinriric.tl net^vurk 
of lines will lie formed. 

By clampin^the tratdn^ ro«! inthrcr.mk |»»n. an approxi- 
nuitelv true cvchutl citrve w ill be funsied ; .md by clamping 
the tracini^ rod in tlie stitd proieclin^ from the adjustatile 
arm, and allowinj^ tite crank pin to slide on the rod, curves 
of another kind will be formed, Movinj* the arnj on its 
j)ivot makes antither cliani^e, and the fii^nre is .tldl inrther 
modified by chanichtit; the wm'kinic of the point IrtHii 
one edge of the glass tlisk Ut the other. 

To render the tracing sBlI more intricate, o|iposite sides 
of the glass disk may l»e coated with collodion differently 
cohired. For example, red may be used upon one side and 
blue on the other. Thecohir of the ground rvlien projr'rircl 
on the screen will then Iw purple. When the trac:iiig i^done 
on the blue side, red Unes will appear on a |iiirple groyml ; 
and when the tracing Is matte on the red sicir. blue lines will 
appear on the purple ground ; am! wlirre titr Ir.iciiigs of 
opptrsite sides of the glass cross each «ilhcr, the liiirs will, of 
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The disks traced in this apparatus produce strikiuj^ 
effects when used in a ehroiuatrope in phua' of the ordinary 
[)aintcd disks. 

I’k()jK( 'TION (IF CIILAUXt’s Fl(.‘l?RKS. 

For this purj)ose the vertical attachment is required. 


('lUadni’s Tij'und. 

There are three metliods of projecting tlie.se lig'urt's. 
•cordin^^ to one method, the i^dass plate upon whi<-h the 

Ft(i. 63 t>. 


Farraatjon of Sand Figures. 

figures arc formed is clamped in such a position as to allow 
one comer to project into the field of the lantern. Fine .sand 
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uvtT tlu‘ iilat 


hn^ers at tme at imire \ .iru»uH Nviiiiorim'.ti ri|jurts 

may bt‘ fiinrunl ; the* saru! Iraviftij I hr %*r»trrH or |>bcr?4 uf 
greatest vihratum ami piltai*; u|> at tlir umlrn nr |»lai*fs of 
least vibration, as in Fif^. Thin hsnrr shows a glass 

plate mounted i>n astml proin-ting from the rritter <»f a thick 
glass base plate. Wirli this apparatus the figures are formed 
outside of the lantern ami tlien profetird like any other 
object. 

In Fig. is represented a devii'e bv which the figures arc 

Vui. r.u, 
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formed in the lantern and projected entire. The i4p|iaratiit 
is .sitnilar to that slmwn in Fig. >k?ver,il stnall Imles are 
made in the plate along the eilgr to receive a liniik attached 
to a strong smooth ettrd. The cortl h lirltl iti the manner 
indicated and rublted vrith rcHined tiiigers, Tlii.s pn winces 
vibrations sufficient for the protliiciiciii of several of the 
figures. The figures nhown In Fig. f»|i art* prmlut'rd by 
means of the liow in the usual way, tlir Imiw* lielng ap- 
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CHAPTER V. 

M E C II A N I C A I, i) I* E R A T I ( ) N S. 

HINTS ON CLASS lU.OVVlNO. 

Fhere are few mechanical operations requiring a liig’her 
degree of manipulative skill than that of glass blo^v ing. A 
peculiar sensitiveness of touch anti (piickness of tight are 
essential. In many instances whatever is done must h^ ac» 

Fit}, (m. 
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complished almost instantaneously. There is no time for 
deliberation. The operator must know exactly what to do, 
and then, when the conditions are favorable, he must do it 
quickly and with certainty. 

More can be learned by watching an expert glass blower 
for a half hour than can be acquired by reutling the litera» 
ture of the subject or by days of practice. However, when 
the principal points are gained, practice will in time leatl to 
proficiency. 

The bending, perforating, and welding of tubes, the for- 
mation of bulb.s, tees, funnels, and jets, arc among the simple 
operations of glass blowing, with whicli vvvty worker in 
physics or chemistry should uc([uaint him.self. 




v ery lf‘\v t«Mus anti ap|ni;nH‘c*s ar«‘ nrrtirti i nr Uiost 
imptirtant retpiisitt's arr a ^'as l»i«-nv|»ipr i'a|»alilr t»l prtalufini^ 
brush anti jiuintctl Hunu*''.. a hflhiws lt»r su|»|4\iit|^ air tti the 
bl()W|)ipt*, some pierrs nf fhartatal tiri‘art«»ii liaviiii*- pvra 
initial ends, tairks of tlifferent si/fn, and a ««h;irp triariijular 
file. A stock otViass IuIh's t»f variims will be neciletl. 


at one place ami tiiiir, If possihlt' 


to insure uniitinmiy itu|it;,imy. 3011 Merman f^iass iiu’ 
most stitisfactorv. 

A small tube is divkier! Irn^ehs bv firnt nicking it 
with the file, then gnis|niig it in bith hamln, placing the 
thumb nail against the glass opposite the niek. and llien 
breaking the tulie bv such i- inovement as wmikl Ik,* ret|uir«l 


TuHrr |i.»f a flMlt., 

to betul the tulic at the nick, if the iinitrrial were at 

the same time pulling on the tube iii «i|i|ii«ite thrertioiw. 
Tlie tube breaks oif stpuirely. 

A tube of large diameter h divided liy M-ratcliiiig it 
a file, then crackfng it by applying to the M'ralcli a siiialt 
point of hot glass, or by means of aimt wire enri'rij to parllv 
encircle the tul>e. 
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A small tube is bent by heating it in a brush flame, as in 
Fig. 632, or in an ordinary gas flame, then curvdng it as de- 
sired. One end of the tube should be corked before it is 
heated. If it is made too hot, or heated unevenly, it will be 
impossible to give it a true curve. 

If the tube becomes flattened in bending, or if the curve 
is not true, it may be carefully 
reheated at defective points, and 
corrected by bending or by blow- 
ing into it. T ubes are welded by 
first flaring them as shown in 
Fig- 633, by introducing the pyr- 
amidal end of the charcoal or 
carbon into the hot end of the 
tube and turning it, or by turning 
the tube on the charcoal with a pressure strong enough tO' 
give the end of the tube the desired form. The flared ends 
of the two tubes to be welded are heated simultaneously in 
the brush flame and joined while quite soft. A pointed 
blowpipe flame is used to give the joint the desired form. 
The joint is made true by constantly turning the tube. 

A bulb is formed on a tube by first heating it and draw- 


Fig. 635. 



Forming a Bulb. 


Fig. 636. 



Perfomting a Tube. 


ing it out as shown in Fig. 6 4, then heating a short length 
of the tube within tapered end and thickening it by pressing 
upon the ends of the tube. Then another short length is 
heated and thickened in the same way, and so on until 
enough material has been accumulated to form a bulb of the 
required size and thickness. The tube must be continually 
turned during these operations to cause it to heat evenly^ 
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and if it tends tt» collupsr, it slnnild !«* Iils«\va. I iu- nuiss of 
Ijlass is now heuted evcnlv aiifl tintil the 

bulb is of the required si/e. the rutafioii «»f flir tube being' 

Ftfi. t»37. 
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continually maintained to |»reveiii ifir bult* froiii bring *lis 
torted by its own weight. 

The hlowitig shtHiUl f)r aet*om|disheii by lorans a 
series of short puffs, rather than by one long blast, 

A tnlH* may l»r |iei1oralc*il by stopping 
the eruls w% m to imdosr a ImkIv of air, 
then warming It gratiiially to prevent 
breaking, finally direeting a |w*liited blow- 
pi|>e flame ii|»fm it where the |»rrliiratl«m 
is desired. The cs£|iatisiori of tlie air t:om 
tatned in the t«l»e %vlll ptisli imt the 
softened glass and make the |irrftiralicin. 
When a tube is thirk arid of %‘rry sniall 
diameter, the esipansitiii of thr rontained 
air is insiitlieienl for this purpose, and 
blowing is rvmn-tml to. 

Tees are made by iwrCorating llir titlje 
as shown at i.iti Fig. ojj, tlicii ivelil ing on 
the branch as at 2, finally healitig tlir jofiit as t 1 give it 
the form shown at 3, blowing into it ocra^ioiially tl tieressary 
to give it the recpiired form. 1*he nifk of the branelies of 
the tec* are smcHJthed and r*»imtleil by heating them in the 


Be.iHrig In a Wirr. 
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brush flame until tlic_y l)ejj^in to fuse. To prevent breakinp:;, 
the glass should be allowed to cool slowly, while |irotected 
from draughts of air. 

To seal a platinum wire in aglass tube, the glass is heated 
by means of a |)ointed flame, at the same time the end of a 
platinum wire is brought into contact with the heated part. 
The wire welds to the glass, and when ])ulled away forms in 
the glass a small tubulated aperture into which the wire is 
inserted (Fig. 6 ^ya), When the glass around the wire is 
heated, it becomes welded to the wire, thus ft)rming a per- 
fectly sealed joint. When a {)articularly good job is 
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Cutting Glass Bottles. 


dfev, red, some ea.sily melted enamel may be fused t)n the 
gla<i3 around tlie wire.* 

t’UTTINt; (JLASH BOTTLES AND TUBES. 

It often hajtpens that a jar for a battery or ft»r experi- 
mental uses is required when it is inconvenient to obtain it 
from the dealer, Fig. 63K shows a simple way ot cutting off 
glass bottle.s so that tliey may be used for jars. The method 
consists in marking one side of the bottle at the point where 
it is desired to begin cutting, and applying to the bottle a 
hot curved wire, at the same time giving the bottle a recip- 

* For full iriformsUion on this* kind of glass blowing lha reader is referred to 
*‘The Methods of Glass Blowing. * by W. A. Shensionu. 



heatinic u«tl! It ih tliirk irtl asul ilirii |4M«i*ifig it iii tiier- 
ciiry, will In* vrry iiiirtl, biit lirbtrr llir strill ii 

heated it Hhtmitl Ih* tfrivrit t«i«s a l#h»rk »»i lr*i*l «» llwt iti 
ptiint will JuHt Im* itteltiwd br I lie af»il ailrr ilit* tlrlll 
lH;en hardened in the sncrrnrv tl?* fMiitit %iiMtiltl l»e iirierted 
in the indentation in the Iratl, srs Fsg. byi. iiiid the 

temper of the ihank of the drill %lw>iild l*t* ilrawii over a 
lam|:) or ga^ Hame to a liliie, llir Iriid |*rrvriits the drill 
point from Ireetmdng heated »*tillicie»ilii’ to draw tlir leiii* 
per, by condueting tlie heat aw^ay iw la.^l .» it afri%"r^ at the 
point. When the Mhiink of the drift ImH-tmim Itliw* !» %vitbtii 


mark, and by slighth inrosssi^ djr luail ■ ?iwv te 

made to ft»llow tii»‘ his ,o*ioir4 ih*- min»~ » it t iifiiifrruit!, 
making a snuwth, t h'.isi « or It ih*' i la*. k •ihityld ii»it ^tart 

promptly, the glasHina)- !**• i.iwdrd l»v 

the applieation «if a dr«*p of walri, %ihirh e* rnt.iiiito 

Sturt it in the right <hreiiioii, L,trg»” gl-ivi iitl»e** way lie 

ent by the same iiietlio*!, 


ii»sw r** 

’I'o make a small hob- so a pbiie ^4 gl.is-. ss a « »ai}|aratiwly 
simple matter. All tlsat e-* rrj|ion-»i r» d o st Vi 4 vru- liartl, 
sharp drill. s»*sar- mrasi^i !««? tofino;* sf. .sss-l Iijlon .oil. siieli 


UH turpentine, lor eausing the sirdi to t tsi 1 apidlv. A tirlll 
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way of hardening a drill for perforating glass is to heat the 
drill to a dark red, then plunge it into a strong solution of 
zinc chloride. This is prepared by dissolving zinc in muri- 
atic acid. Zinc should be gradually added until the action 
ceases. 

The drill prepared in this way should be wet with tur- 
pentine or turpentine and camphor while in use, to cause it 
to “ take hold.” It is advisable to drill from opposite sides 
of the glass whenever this is possible. The hole may be 


Fia, 640. 



Perforating Glass. 

enlarged by means of a sharp round file wet with turpen- 
tine. When larger holes are required, these cannot con- 
veniently be made with a drill. A copper or brass tube 
charged with emery and water or emery and turpentine, 
and rotated in contact with the glass, will soon cut a hole a 
little larger than the tube. 

Simple ways, of guiding and revolving the tube are 
shown in Fig. 640. The glass to be drilled, which may be 
the plate of an electrical machine, for example, is placed 
upon a table with a few thicknesses of paper underneath its 
center. Two blocks are placed on the table at diametri- 
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callv ()])p()sitc edict's ()l tlu' disk, aiul a tldi k bar nl wood, 
vv’hich is bored at the fenler In refeive the enpper nr brass 
tube, is ])ltu'ed upon tiie Idneks and elauipi'd tirndy to the 
table, riie ^dass plate is arranjjfed s(» that its axis enincides 
witli that of the ludi* iu the bar. 'The plate is then elatuped 
in place by ^fently insert in^j; two wooden vvedjLj’es between 
the wooden bar and the ^lass. 

The tube by which the cutting' is done is stttpped by a 
wooden plu^ at the midtlle of its length, and in the upper 
])art is inserted a soft rubber stopper which rests \ip(u\ the 
wtHtden plu^', also a piece (h heavy I’ubber tubini^; wliich 
rests upon the stopper, lu the rubber tube is inserted one 
end of a elose-tittinj^ metal shank, the stther eiul td whieh is 
fitted to an ordinary drill sttjek. This arran^feiuent pro- 
vules for a c'ertain amount of Ilexihility in the eonneetion 
between the tube anti the drill stot k. The tube is revolvtal 
by tlie ^eariu|4; of the drill stock while it is supplied with a 
mixture of No. 4 emery and water or emery and turpentine. 
The jjrc.ssure on the drill stock shouhl be li^»'ht. and the 
tube must be lifted fretpiently to allow a fresh su}»plv of 
emery to reach the .surface hein^ cut. 'Phis device makes a 
hole iu the ^lass in a short time. 

If a larger aperture is desired, tlu* ^iass is first drilletl iu 
the maimer describeti, and enlarj^ed by caretul cutlini^ with 
a diamond. 


l.I NS .MAKIN'i., 

l o make an ordinary lens retpiires a certain deforce of 
manipulative skill, but when compared with a hue j<»b 
filing', fitting, or even turning, it is easy, and there is a 
charm about making a nicely p«»lished lens which is imt 
fouml in metal working. Phe tyro shouhl commence witli 
small piano atul double convex lenses, which he may mount 
singly or in pairs. After attaining a fair {iroficiency in mak- 
ing these he may proceed tf» larger wtuk, and afterwartl liy 
coupling .study with practice he will be able to make fine 
work, .such as the achnimafic «ibjectives of microscopes and 
telescopes, eye-pieces, lantern «»bjectives, etc. 

The first thing to lie thme in the way of the* jneparalion 
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of tools for lens ^rindinp;' is to nuike^au^a'S or patterns with 
which to ^^au^’c the convexity of the fa;TiiKlin|^ tools. These 
may bo made from ])ieces of sheet l)rass about one thirty- 
second inch in Ihickne.SvS, the plates for ffaiijj^es for convex 
tools beiti”;’ chucked on a plane board secured to the face 
plate of the lathe, and the circular ai)erture turned out. 
The plate should be beveled each way from the aperture, 
forming; a knife edfi;e, and it should l)e separated by a saw 
into two or four parts, accordin^^ to the size )f the len.ses to 
be ground, as shown at t. Fig-. 641 The radius of the cir- 
cle so formed will be approximately the focus of a double 
convex of this curvature, and the diameter of the circle is 
ajiproximately the focus of a i)lano-convex lens of the .same 
curvature. 

Craug-es for concave tools or concave ien.ses are made by 
turning disks of brass with V^-shaped edges, as shown at 
2, and an instrument for shai)ing small concave grind- 
ing tools is shown at 3. It consists of a sharpened steel 
disk attacheil to or formeil \ipon the end of a bar, and 
usetl as a scraper for giving the Iintd shape to the concave 
grinding tools. 

For grinding convex lenses it is well to have two con- 
cave tools like that at 4. This, as well as other grinding tools 
for small work, should be made of bra.ss. Drawn bra.ss is 
l)refcnible, as it is usually better metal, and more homo- 
geneous than castings, and needs no external turning. 

Having determined on the focus of the lens to be 
ground, the brass is chucked in the lathe, and hollowed out 
as nearly to the correct form us jxcssible, the gauge shown 
in 2 being used from time to time to determine when the 
proper concavity is reached. The grinding tool is finally 
scraped with the cutter, 3. The counterpart of the con- 
cave tool at s is now turned us nearly to the gauge shown 
at I as possible, and is finally ground into the concave tool 
with washed flour emery and water. 

A tool like that sliown at 6 is neces.sary ftjr lihisliing 
small lenses. It consists of a cylindrical piece of brass hav- 
ing a chamber turned in the eml for the receptiem of a mix- 
ture of pure hard beeswax and line rouge. Tin's mixture 
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should contain sufficient rouge to make it rather hard, but 
not so hard as not to yield under strong pressure. 

The glass for small lenses may be clipped from bits of 


Tools for Grinding Small Lenses, 
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ground on a common grindstone until it approximates the 
required shape. It is then ground with line emery and 
water in one of the concave brass tools until a truly spher- 
ical surface is secured. It is then transferred to the other 
brass tool, and ground with fine washed flour emery until 
the surface is fine and entirely free from scratches. During 
the grinding as well as polishing, the stick to which the 
glass is cemented must be turned axially, and at the same 
time its outer end must be moved about the prolongation 
of the axis of thegrinding tool so as to present the glass to 
every portion of the grinding tool as nearly as possible. 

The final polish is secured by pressing the smoothed 
glass intt) the wax in the end of the tool shown at 6 as the 
tool is revolved, and at the same time applying fine rouge 
and water from time to time. When the i)olish is nearly 
perfect, the tool should be allowed to work nearly dry. 

For a plano-convex lens the plane surface of the plate 
glass will answer very well for the. plane surface of the lens, 
and the glass will be ground down as shown at 8. If the 
lens is to be double convex, the finished spherical surface 
should be cemented to the end of the stick, and the oi)posite 
side proceeded with as before described. There are two 
methods of finishing the edges of plano-convex lenses : first, 
by holding the plane surface in a concave tool charged with 
emery and water until the edge is beveled to the required 
degree; and second, by chucking the lens on the end of a 
spindle projecting from the lathe mandrel, and centering 
it while the pitch or cement whicli holds it is still warm. 
Then a piece of bra.ss, which is concaved to conform nearly 
to the |)eriphery of the lens, is charged with emery and 
water. This tool is held against the edge of the len.s after 
the manner of turning. The lens will soon assume a per- 
fectly circular shape, and may be readily reduced to any 
desired sij'.e. 

In making concave len.ses the convex tools will be used, 
and the final finish will be given by a {)iece of silk cemented 
to the tool with pitch and charged witli rouge and water. 

For grinding larger lenses of longer focus an attachment 
like that shown in Fig. 642 will be required. It ctmsists of 
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a wooden box supported by a curved arm inserted in the tool 
rest support. A vertical journal box passes through the 
bottom of the box, and contains a shaft having upon its 
upper end a socket for receiving the grinding tool, and on 
the lower end a grooved wheel surrounded by a rubber fric- 
tion band, which is revolved by contact with the face plate 
of the lathe. The speed of the wheel relatively to that of the 

Fig. 642. 



Lens-grinding Attachment for Foot Lathes. 

lathe may be varied by raising or lowering the shaft by lais- 
ing or lowering the box support in the tool post. 

The glass to be ground is cemented to the face of a 
flanged casting as shown at 9, and is held down to the grind- 
ing tool by the lever attached to the box. The tool for large 
work may be made of cast iron. The center of the lens 
should be eccentric to the center of the grinding tool, so that 
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the Ions will bo rov()lvo<l nn tlioiaoo t»l tiio i lu- pujut 

pr()jootinj4‘ fnmi the lover enters a small fa\ it\ iu the eouter 
of the easting', to which the lens is attaeluHi, aiui insutrsan 
ociual distribution of pressure (»ver the entire surtaec* of 
the lens. 

Ciriiidini^ and tinishinjL?;’ a larL»;e lens is substantiallv the’ 
same as in the case of the smaller (mes, the only diilrn'ettee 
bein^»- ifi the method of ‘^ivin.j^’ the iitial polish. In tin* ease 
of a lar^e lens, after tlu‘ line j^rindiu”’, tin* tool is heated, 
covered with a thin eoatinj.^ of pitelu atid a piece ot thin 
broadcloth is pressed down on the pilch, 'rids hroatlclMih 
surface is eharj^ed with tint' rcni^eaml water, and the lens is 
pressed down on it with etnisiderable force as tin* t(*ol is te. 
volved. 'Pin* cloth slnuild be wotketl rather tit y, and so 
much so at the (‘inl ol the process as t») oiler etuisiderable 
resistance to the rotation of the to(»l. 

SIMl’I.K l'KO.‘K,SS Ol- KNaatAVtNa; Ut.ASS ANl> Ml lAiS. 

There are very many applications hn* aium*x{ienNive and ' 
effectual method of etehini.^ or eitf4ravinj4' ^lass iu various 
forms, plain and plated metals, enanieh'»l surtaires, pnlirrv, 
etc. Of all esistin^ processes (or act' 'mplishini*’ (Ids v^oik, 
tin* stmd blast is undoul)tedly capable td the nnnd univ«*isa! 
application. In point ttf effect iwucss ami in i^t'ueral use- 
lulness it imiy never be surpassed, or cv«*n eijualeil ; \ rl a 
substitute fen* it, even thmiyh im.ipaldc ol as extended 
ap[»lieatiou, will liinl ust*s in the arts, ainl will doublles*. in* 
apprecmited by amateurs. 

Such a process is illustrate’d bv I’d'^s. r»4^ ,md 'Pfn* 

recpiisites for earryin|< <Hit tin* pr<»ee^H in its simplest form 
are: A pound of coarse emery, a ptm tl of lead shot, a 
wooden Ihix io or 12 im-hes lonj^' ta eij;ar Ihk will answer 
for tlic ex[>eriment|, .some [u'eec's (d •^lass or metal, ami some 
paper patterns or stencils, 'rin* box is providrrl w ith a clip 
at the back and a slidtni^ clamp at the front for holding the 
plate tt> be eni^ruved. anti it may with atlvantage be !ni. 
lushed with a dampinj^ device ol the same stu i at the upper 
end. Tlie lid «d the bt»x must be provitirtl with a |*m klnp^ 
strip of thick chdh or telt, to prevent the loss id einrr v. 



152 


EXPERIMENTAL SCIENCE. 



Fig. 643. 


Simple Method of Engraving Glass and Metals. 
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The g-lass or metal to be enp^raved is cleaned tlinroug-hly, 
and to secure the best effects it should be polished. A 
paper stencil of the desired form is fastened to tlie ^luss or 
metal plate by means of mucilage of g’tnnl tjualitv. I'he 
pattern should be made of thick writing; paper, and care 


Fitj. 644. 


Examplf'i of Engraving" i^hoi ni^ignirunl, tjUowuig Emrtv rml»r«l4*'4, 


should be taken to see tliat every part of the paper is 
thoroui^hly attaciicd to tlte plate. .-Vii)' pent** around the 
edii^es of tlie pajjer sfiould be rctntjvcd bv ineafis of a fito{,4 
sponge. Tlu* exprjsed parts tjf the {ilate must be perfrrtiv 
clean and free from streaks, otherwise there will Ire tinde.. 
sirable markings on the finished work. 
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When metal plates are to be engraved, they should t>o-- 
Avell polished before applying the stencil, to secure g-oo<i 
contrasts. For coarse stencils and rough work, the shot 
should be large and the emery coarse, but for fine worl^ 
moderately fine shot and finer emery are required. 

After the plates to be engraved are placed in the bo:5Cy 
the shot and the emery are poured in, the box is closed 
and the lid fastened, when the box is shaken violently end- 
wise, causing the shot and emery to strike the plates 
opposite ends of the box in alternation. The shot, in thio 
operation of driving the particles of emery against th.o 
plates, become charged with particles of emery, as showri 
in Fig. 644. 

The emery becomes so embedded in the shot as to 
be permanent, and a number of shot thus armed, togethei" 
with loose emery, soon abrade the surface of the metal, 
or glass wherever it is unprotected by the paper, and 
produce a fine matted surface, which contrasts strongly?" 
with the polished parts of the surface protected by the; 
paper. After roughening the unprotected parts of thes 
plate, the paper stencil is soaked off and the plate is 
dried, and in case it is metal, it is lacquered. 

Symmetrical stencils, which answer a very good puir-* 
pose, may be made by cutting paper folded in varioixs 
ways. Lace may be employed as a stencil, and where only 
slight etching or engraving is required, the pattern may, 
be produced in varnish. 

To adapt 'this method to engraving articles havingr 
curved or irregular surfaces, the box is left open at tho 
lower end and provided with a flexible sleeve of soft rut>- 
ber. 

The articles to be engraved are held against the 
sleeve by leather straps. Designs of various kinds may in. 
this way be permanently delineated upon the glass ancfl 
metal ware, and upon small panes of glass for ornamenta.1 
windows, for lamp shades, etc. Mirrors may be provided 
around their edges with leaves and flowers, and metal pan- 
els may be prepared for various kinds of ornamental m eta.1. 
work. 
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AN INMXl'l NSIVK, USKRUL I.ATIIK 

A latlu' that will answAT a I purpose, and which may 
hi' I'asily made, is shown in llu‘ aecomj)anvin_i;‘ en}J!;ravinjj;s. 


ii:® 


liil 






Fi|r, 045 repre-.eiits in perspective the lathe complete. Fisjj. 
t»4d is a perspective view o[ the lathe without the table. 
Ft|4*. 647 is a vertical lou|^iludiual section of the lathe, show- 
itig- the manner of securinji' the heutl and tail stocks to 
the bars whicli form the bed. 
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In making this lathe one pattern only will be required for 
the two standards of the head stock, and the support of the 
ends of the bars. The lower part of the tail stock is made 
in two parts, so that they naay be clamped tightly together 
on the rods by means of the bolt passing through both parts, 
and provided with a nut having a lever handle. The rest 
support is also made in two parts, clamped together on the 
rods in a similar way. 

The patterns may be easily sawed from i|- inch pine. 
The holes that receive the round bars should be chambered 
to receive Babbitt metal, used in making the fit around the 
rods forming the lathe bed, around the head and tail spindles, 
and around the shank of the tool rest. The smallest diameter 
of the holes that receive the round bars should be a little 
less than that of the bars, so that the several pieces that are 
placed on the bars may be fitted to hold them in place while 
the Babbitt metal is poured in. 

The dimensions of the lathe are as follows : 

Length of round bars forming shears, 24 inches ; diameter 
of bars, i inch ; distance from the upper side of upper bar to 
center of spindle, 3 inches ; between bars, | inch ; between 
standards that support the mandrel, 3-|- inches ; size of stand- 
ard above shears, inches; diameter of head and tail 

spindles, | inches ; diameter of pulleys, 5 inches, 3-^ inches, 
and 2 inches ; width of base of standards, 5 inches ; height of 
standards, 7 inches. 

The mandrel should be enlarged at the face plate end^ 
and tapered at both ends, as indicated in the engraving. 

The pulleys, which are of hard wood, are made of three 
pieces glued together, bored, and driven on the mandrel, 
secured by a pin passing through the mandrel. The pul- 
ley is turned and grooved to receive a round belt. The rods 
forming the bed ma}’' be either cold-rolled iron or round ma- 
chinery steel; they w.’T require no labor, except perhaps 
squaring up at the ends. The castingshaving been fitted to 
the bars, and provided with set screws for clamping them, 
the two standards that support the mandrel and the support 
for the opposite end of the bars are put in position, when 
the bars are made truly parallel, and a little clay or putty 
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is placed around each bar and over the annular cavity that 
surrounds it, and is formed into a spout or lip at the upper 
side to facilitate the pouring of Babbitt metal. The metal 
must be quite hot when poured, so that it will run sharp 
and fill the cavity. To guard against a possible difficulty in 
removing the castings from the bars, the side of the bar 
next the screw is covered with a thin piece of paper. 

The pieces of the tail stock and tool rest support are 
fitted to the bars by means of Babbitt metal, the metal 
being poured first in one half and then in the other. The 
bolts which clamp the two parts of the rest support and tail 
stock together are provided with lever handles. After fit- 
ting the parts to the two bars by means of Babbitt metal, 
the tail spindle, which is threaded for half its length, is 
placed in the tail stock parallel w'ith the bars and Babbitted. 
A binding screw is provided for clamping the tail spindle, 
and the spindle is drilled at one end to receive the center, 
and has at the other end a crank for operating it. 

A steel or bronze button is placed in the hole in the 
standard that supports the smaller end of the live spindle, 
and the spindle is supported in its working position and 
Babbitted. 

The thread on the spindle should be rather coarse, so 
that wooden or type metal face plates and chucks may be 
used. 

The table shown in Fig. 647 is simple and inexpensive. 
It consists of two pairs of crossed legs halved together and 
secured to a plank top. A small rod passes through the 
rear legs near their lower ends, and also through a piece of 
gas pipe placed between the legs. A diagonal brace is 
secured to the top near one end, and is fastened to the lower 
end of the rear leg at the other end of the table. 

A block is secured to each pair of legs for supporting a 
pair of ordinary grindstone rollers, which form a bearing 
for the balance wheel shaft. This shaft has formed in it 
two cranks, and it carries an ordinary balance wheel, 
to the side of which is secured by means of hook bolts a 
grooved wooden rim for receiving the driving belt. 

The cranks are connected, by means of hooks of ordi- 



The size of the different diameters of the drive wheel 
may be found by turning the larger one first and the smaller 
ones afterward, using the belt to determine Avhen the proper 
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si5:c is reached. The wooden rim may he lurned off in posi. 
tioii a pointed (<»ol. 

Tlie lathe above descrihed, allhouj^h very easily nuule 
and inexpensive, will he found to servt* anexeellent purpose 
for all kinds of hand work, drilling', polishing, lens tuakiii^, 
wood and l)rass turniiif^' ; also (or use in man\- experiments 
involving rotary motion. 

'IKMPKRINO I>kIl,L.s, 

A very simple and effective methotl of hardenini^ and 
terni)erin^^ small drills inch in diameter and under isilIu.H« 


Fit;. 64 s 



trated in Fifr. 648. It consists in heatin|4- 1 he drill t«» a elierry 
red, and immediately [dun^dn^- it into a hall o! beeswax. 
Thus operation will give the drill the proper temper for all 
ordinary work, and will leave it tough and stnutg. 

KNltRlINAi. 

It Is often desirable to knurl or mill the e<ige tif a screw 


Fur f<49 
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head or other circiilat jiieces when no ktund is at hand, rhtpi 
may be iictonipli.slied by rolling the screw' heutl bat k and 
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forth under a millfilc as shown in Fig', (m. The lower oclgc 
of the screw head should roll upon hard wood, 

WIRE AI'PAR.VTUS FOR LAIU )RAl‘ORV USK. 

Before the year 1351 everything known as wire was 
hammered out by hand, but at that date or thereabiHit the 
art of wire drawing was invented. Since th u the art has 
been developed and expanded, so that at the present time 
wire drawing is one ol tlK* leading industries, atni we have 
wire of every size anil shape made from all of the tluetile 
metals, and used in an infinite mur.her of ways. 

Several new as well us some well known lorins oi lalior- 
atory ajipliances made ot wire are shown in Figfs. 650, 
and 652. The few examples ol wire apparatus fur the labor- 
atory given in the engraving will imt only l>e fuiuul useful, 
but will prove suggestive of other things equally" as giHiii. 
Wire is invaluable for these and kindred purposes. 

Pieces of apparatus may often be made in the tittte that 
would be reciuired to order oi' send for them, tluis saving a 
great deal of time, to .say nothing «tl expense, vvldeh is no 
inconsiderable item in nuitlers ot this s«jrl. 

It is perhaps unnecessary to describe fully iu tletail each 
article represented in the engraving, as an explanation «d the 
iTiani[)ulations reipiired in forming a single piece will apply 
to many of the others. 

P'or most of the apparatus shown, some practically" um>x- 
iclablc wire should be selected, such as brass or tinned iroti, 
and the tools for farming these articles of wire cunsist of a 
pair of cutting pliers, a pair of flat and a pair of ruimcbnoHrii 
pliers, a few cylindrical mandrels (d wood or metal, made in 
different sizes, and a small bench vise. Any or all of tin* 
articles may be made in different sizes and of dilTtfrcnt sizes 
of wire for different purpicses. 

Reference to the individual pieces will be made by num- 
ber without regard to the figure in which they apjaear. 

No. I shows a pair of hinged tongs, which are useful for 
handling coals about the furnace, for holiling a coal or piece 
of pumicestone for blowpipe work, and for hoklini^ larjge test 
tubes and flasks, when provided with two notched corks, m 
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shown at 2 and 14. These tongs are made bv first winding 
the wire of one half around the wire of the other half to form 
the joint, then bending each part at right angles, forming on 
one end of each half a handle, and upon the other end a ring. 
.T3y changing the form of the ring end the tongs are adapted 
to handling crucibles and cupels and other things in a 
muffle. 

No. 3 shows a pair of spring tongs, the construction of 
which will be fully understood without explanation. It may 
be said, however, that the circular spring at the handle end 
is formed by wrapping the wire around any round object 
held in the vise ; the rings at the opposite end are formed in 
the same way. The best way to form good curves in 
the wires is to bend- them around in some suitable mandrel 
or form. 

No. 4 shows a spring clamp for holding work to be sol- 
dered or cemented. It may also be used as a pinch cock. 

No. 5 represents a pair of tweezers, which should be made 
of good spring wire flattened at the ends. 

No. 6 is a clamp for mounting microscope slides and for 
holding small objects to be cemented or soldered. 

No. 7 is a pinch cock for rubber tubing ; its normal posi- 
tion is closed, as in the engraving, but the end, a, is capable 
of engaging the loop, b, so as to hold the pinch cock open. 

No. 8 shows a clamp or pinch cock having a wire, r, 
hooked into an eye in one side, and extending through an 
eye formed in the other side, This wire is bent at right 
angles at its outer end to engage a spiral, d, placed on it and 
acting as a screw. The open spiral is readil}^ formed by 
wrapping two wires parallel to each other on the same man- 
drel, and then unscrewing one from .the other. The handle 
will of course be formed by aid of pliers. 

No. 9 is still another form of pinch cock. It is provided 
with two thumb pieces, which 4re pressed when it is desired 
to open thp jaws. 

No. 10 is a tripod stand, formed by twisting three wires 
together. This stand is used for supporting various articles, 
such as a sand bath or evaporating dish, over a gas flame. It 
is also useful in supporting charcoal in blowpipe work. 
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No. 1 1 shows a stand adjustable as to height for support- 
ing the beak of a retort, or for holding glass conducting oi* 
condensing tubes in an inclined position. 

The retort or filter stand, represented at 12, is sIiowitl 
clearly enough to require no explanation. Should the fric- 
tion of the spiral on the standard ever become so slight as to 
permit the rings to slip down, the spirals may be bent latei"— 
ally, so as to spring tightly against the standard. 

No. 13 shows an adjustable test tube holder, adapted to 
the standard shown at 12, and capable of being turned on a. 
peculiar joint, so as to place the tube in any desired angle- 
The holder consists of a pair of spring tongs, having eyes for* 
receiving the notched cork, as shown at 14. One arm of the? 
tongs is corrugated to retain the clamping ring in any posi- 
tion along the length of the tongs. The construction of tho 
joint by which the tongs are supported from the slide on the- 
standard is clearly shown at 13^:. It consists of two spirals, 
£■, h, the spiral, /^, being made larger than the spiral, g, and 
screwed over it, as shown at 13. This holder is very light, 
strong, and convenient. 

No. 15 represents a holder for a magnifier, which has a. 
joint, similar to the one just described. The slide, 
is formed of a spiral bent at right angles and offset to ad- 
mit of the two straight wires passing each other. This 
holder may be used to advantage by engravers and draughts- 
men. 

No. 16 shows a holder for a microscope condenser, the- 
difference between this and 15 being that the ring is made 
double to receive an unmounted lens. 

No. 17 shows a Bunsen burner, formed of a common, 
burner, having a surrounding tube made of wire wound in a. 
spiral, and drawn apart near the top of the burner to admit 
the air, which mingles with the gas before it is consumed at 
the upper end of the spiral. 

No. 18 represents a connector for electrical wires, which, 
explains itself. The part with a double loop may be attached 
to a fixed object by means of a screw. Another electrical 
connector is shown at 19, one part of which consists of a. 
spiral having an eye formed at each end for receiving tho 
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screws which lastcti it to its suppoi t ; the otlu-r |»art is simply 
a stniij^lu wire luiviu^ ati eve at one emi. l lie i ostnrt turn 
is made hv inserting the straight end in tlte spsial. lo in. 
crease the friction of ilte two parts* rilhrr ol {Item may be 
curved more or less. 

A micn>sct»pe stand is shtuvn at io. ‘rite maKniftrr is 
supportetl in the ring, a. ‘I'he ring, /. suppt«rfs the slide, and 
the double ring,#/, reeeix'esa piece ot l*H»king glass ur polished 
metal, wliich .serves as a retlei tor. 

No. 21 slunvsasetot aluiuirtum grain wriglits inromnum 
use. 'I'he straight wire is a one grain weight, the «»itr with 
a single Irend is a two-gi'ain weight, the insr liavittg two 
bends and forming a triangle is a three.grain weiglii.anti 
so on. 

Nos. 2 Z and 2^ are articles m»w literally turned out hv the 
million. It is a great etmveniem e to have one ol these hwx- 
pen.sive little corkscrews in every cork that is drawn orea* 
sionally, thus saving the trouhle o{ frta|yeril!y inserting and 
removing the eorkserew. 

The cork puller shtnvu at 24 is old ami well kmnvn, hut 
itone the less useful for removing i«»rks that have heen 
pushed into the and for ludiliiig a lintli or spoirge for 

cleaning tubes, flasks, etc. 

No, 25 shows a staml for test tulres. 'T'lie ware is formed 
into series of hsipH and twislerl togrthrr at r to form legs. 
A wry useful support for flc*3dble tubes is showti at 21*. It 
consists of a wire binned into a loop, and Itaviiig its riids 
bent in opposite directions rt» form spirals, A rttlihrr tube 
supportetl by this device cannot bend so short as to iii|iirr it. 

Most of the articles described al«»V‘e may tie iiiinlr to the 
best advantage from tinnecl wire, a^ it sulltietit 

stiffness to sfiring well, and at the same liittr not mt Miiff ii% 
to prevent it fnnii Ireing Innit into aliiios! aity ilr’»irrd form. 
Besides this the tin taiating protects tlir wire r»»rro%iof} 
and gives it a good appeanince. 

CimK IKIKKK. 

An effective cork borer can be imuir by lorfiiiiig a imIh:* of 
tin, allowing the edges to abut, and sharpriiiiig the rii«b of 


.tlis 
istrucl 

a blowpipe, and a small furnace may not be out of place. 
The bellows and furnace are of the kind devised by Mr. 
Fletcher. 

In the construction of the bellows the following mate- 
rials are required; Two hard wood boardvS lo x ii inches, 
ne circular board i i 
inches in dhameter; one piece of heavy sheepskin 30 inches 



Fig. 654. 


EXPERIMENTAL SCIENCE. 


long, 7 inches wide at the middle, and tapering to 2 inches 
at the ends ; two disks of elastic rubber, each 1 1 inches in 
diameter and thick ; one small scoop net ; 3 inches 

of I brass tubing ; three small hinges ; a spiral bed spring, 
and two iron straps. 

The lox II inch boards are rounded at the ends, as 
shown at i and 2, Fig. 654, and their square ends are con- 
nected together by the hinges as shown at 4. A hole is 
made in the lower board near the hinged end and covered 


Blowpipe Bellows. 


by the valve shown at 3. The valve consists of a soft 
piece of leather, having attached to it two wooden blocks, 
one of which is fastened to the board in position to hold 
the other in the position of use. These blocks are beveled 
so as to give the valve sufficient lift and at the same time 
limit its upward motion. The circular board has a groove 
turned in its edge, and in a hole formed in its edge is in- 
serted the brass tube. A hole is bored into the top of the 
circular board, which communicates with the inner end of 
the brass tube, and a series of holes are made in the cir- 
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€ular board, which also passes throuj^h the iijjpcr Imarcl of 
the bclloWvS. Over these holes is placed a strip of soft, 
close-grained leatlier, which is secured by nailing at the 
ends. This leather strip forms the upper valve. 

I'lie bed spring is secured to the upper and lower 
boards, and the bellows is ready to receive its covering. 
The spring, the hinges, and the valves should be secured 
with great care, as they are inaccessible when the leather 
covering and the rubber disks are in place. The boards 
are closed together, reducing the .space between them to 
about 5.4 inches. They are held in this position in any 
convenient wu}' until (he cover is attached. The leather 
covering is glued, and tacked at frccpient intervals. The 
leather is carried around the corner and over the hinged 
ends of the boards. An additional piece of leather is glued 
over the hinged end, and a narrow .strip of leather is glued 
to the edges of the boards to cover the tacks and the 
edges of the leather covering. The job will be somewhat 
neater if the edges of the boards are rabbeted to receive 
the edge of the covering and the lacks. 

The rubber disks are stretched over the circular board 
and .secured by a strong cord tied over the rubber and in 
the groove in the edge of the board, d'he net is after- 
ward secured in place in the same way. 'I'lie net should 
be so loose as to allow the rubber, when inflated, to assume 
a hemispherical form, as shown at 5. A cleat is attached by 
screws to the hinged end of the lower board, and a straight 
iron straj) is attached to the rounded end ol the .same 
board. The corresponding end of the upper board is pro- 
vided with an olTset iron bar, upon which the foot is placed 
when the bellows is used. I'he hole closed by the lower 
valve is covered by a piece of fine wire gauze tacked to the 
under surface of the lower board to prevent the entrance 
of lint and dust. 

The blowpipe, which is connected with tlic brass tube of 
the bellows by means of a rubber pii)e, is shown in section 
in the upper part ol Fig. 656, It consi.sts of two pipes 
attached to each other and adapted to receive the rubbei 
pipe connections at one end. At the opposite end they 
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art* i-nin'culni alh . ihf ai n tJis*- » *i ilsr •‘>Hi-ilifT |»ine 

tvhifh m't'ivcs cbr an sr4jHr4 ■->; »»i .m iitiii. 

The nittiT as»<l l.if’ii'rr |n|»r. « In* li rn c-Hr^* lltr |irfi. 

viiirtl with a Hliiliiii; In nu\m‘-> »4 wlut |j ilir- flsiw ,4 

gas ran t»f ea-'ih" rHfjfr**llr*l. TItr isslri 114 I »ii.iH5rfrr »i| ihr 
.stnaller mil *»! tin* i** «snr ^jnartri' sm li, riir-%r liiiiirtr 

sions ar'e rurmi onlv hn- .* hhntjapr l'.*i >4ii,il! Mnl liirtliiim 
work, /. r , h»r l*ra/iitg nr ‘-.ishln tl»- .it '-i .H»r %v«nk liiiiir 

in the making «4 jilivMial fn^trinnrtir.. , i,.* luriiistg 

three tunu'es «»l guhl, .''ittn, aatl mft.ii^ , anti 

{or fnrging anti tefit|»rriug anJ *nis.»ll .jilis, ir'-» »•! *sirri, 

anil fur gians hluwing «»n 4 

The giiH is taken tf*mt .111 *»Mliii4f'V tssing*- In isirjsm *4 a 
rubber tube, the su|*|»lv bring t-'gi}l4lr*l nsistrlr In' liir 
inuval»le nn//le i4 the bhnviisifr, I hr Sf.gir- »»l the bLisI 
varies with tin* manner m ivhirh ili'’ l*r|i»n%\ ..i|«ri 
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Otte t>l the lunt sn|»|iHnts lur astiile^-i t«.« h-r bi,i#r*i j»r sni* 
cleretl is a briek <4 ininiire stMiir, li ltr4t’-4 «|Mn'kl %4 very 
refraclury, it atlftiils i»l snairiiig ilir %%-^nk In fat ks nr imiIs 
driven into it. It lias ilir Inrthrr advaiiiagr ,4 Imntrg, m« 
combustible. The work In l»r bra/rd s^dtlnrd fiina lie 
well fitted, I. r., there must lie .1 gr»tK| tmitart liriwrrw llie 
abutting «ir overlapiiifig edges, ami Ilir c-ont.irt stif in ps niMst 
be well jratiited with a erram iurnini I»%'" grifitiiitg 
with a lew dni|»s *4 water tm .1 stale i.k'ig. When 

necessary, the work may be Itrld tugrilirr by ,i« inm 
binding wire. The sohler is eoatrd %%-nl« flir rreatii 

lieiore it is a|i|4ietl to the ioiiit. For w’lirk yi%'’er 

solder is preterred, as It is I’rrv %trotii|, Iwing Iwitli dtic- 
tile and malleable. 

The work is heated gnwliwllv niilil itir wairr of rrystab 
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lization is driven from the borax, then the work is heatetl 
all over until the solder is On the point of melting;', when a 
concentrated flame is ap[)lied to (he joint until the solder 
flows. Care should be taken to use the reduciujj^ flame 
rather than the oxidizing flame. Shonld it be found tlifli- 
cult to confine the heat to the work, pieces of j)uinice stone 
may be placed around the part containinj^jf’ the joint, as shown 
in i'ija;. ^56. 

A lar^e number of small articles may be easily and tiuickly 


Fic. 656. 



brazing. ,5 


soldered by placing them on a bed formed of small lumps 
of pumice stone and proceeding' from one article to another 
in succe.ssion. 

For supporting small work, leaving a number of joints 
and requiring much fastening, the slabs of asbesto.s arc very 
desirable. For very small work to be done with the mouth 
blowpi|)e, the prepared blocks of willow charcoal are used. 

After soldering, the borax may be removed by boiling 
the article in sul])huric acid. 

If the wt)rk is of such a character that it is inconvenient 
to clasp or rivet it together, or even to wire it, it may be 



EXPERIMENTAL SCIENCE. 


172 

Icept in place upon the coal or pumice stone by means of 
tacks torced in at points, where they will be effectual in 


Fig, 657. 



Method of holding Work for soldering. 


holding the work. When tacks are unavailable, parts may 
he held by wire loops and stays (Fig. 657). 

If part of the work has been already done, and it is de- 


Fig. 658. 



Work incased for soldering. 


sired to unite several pieces, having parts which have been 
previously soldered, in close proximity, these parts may be 
held in any position, and at the same time the joints already 
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soldered may be prevented from melting by incasing llie 
work in the following manner : 

Take ecpial jiarts ol [ilasterof Paris and line, sharp sand; 
add a sufficient (piantity of water to make a thick batter, 
and imbed the work in it, leavdn^* the entire joint to be, sol- 
dered and the adjacent ])arts exposed. Care must be taken 
to not fj;'et tlic pla.stcr into the joint, as that would jirevent 
the solder flowiufjf. 

It is difficult to hold all the various parts wdiieh are to be 
united .so as to apply the plaster; the parts may be put into 
position one by one, and fasteneil temporarily by means of 
a drop of wax. which, when the work is incased and the 


Fit:. ()5t). 





plaster .sets, imiy be readily melted out and the llux and 
solder a[)pliecl. In every ca.se where it is possible, the flux 
should be well brushed into the joints belore placing the 
work on its sujiport. A convenient way nf preparing flux 
for small work is to rub a piece of borax about, with a 
few drops of water, on a porcelain slal) or common slate, 
tis before described, until it appears like paste ; this should 
be applied to tlie work witli a camel’s hair |)cncil. Small 
pieces of solder arc dipped into tlie borax paste and jiut 
on the joints of the work. A pair of tweezers will be found 
convenient for this. 

When the job is incased as in Fig. 65H, it may be placed 
in a common fire until it has nearly attained a red heat, 
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when it will be ioiuul that, on applvini^ the bhnvpijw, the 
solder will readily flow with little eKpeniUturt* ut ttiue and 
breath. 

A few solders, the metal to which they arc upplird. ami 
their a[)[)ropriate fluxes, are tabulated below : 


NAME. 




Soft, coarse. 

Solt, line 

Soft, lusihle 

Pewtorer’s . . . 

Spelter, soft 

Spelter, hard 

Silver, fine 

Sliver, conmuin 

Silver, for hras.s and Iron ., . 
Silver, mtiro litsilde 

Gold, for iS carat Rtdd. . , 

Gold, more fusildc 

Platinum. 


. . Tin, l ; lead, a 
. . I in. 3 ; lead, i 
. Tin, 3 ; lead, t . I»l<* . i 
. , Tin, ;t ; lead, 4 , Id* . 3 
. . ('iipptn, t ; aim , i 

. . ('njiper. a . aim , t 
. . Silver. (> ; rctpprt, ; .flm', J<> 

.. Silver, I upper, po, , limr, ;C4, 
. Silver, t ; liia*-*, i 

.Silver, t ; lita*s, 1 ; ante, j 
} tfukl, tS carat* fine. f> 

I Stlv-or. 167 ; i»»ppPt. ll »7 

Same as alwvc with a tiace uf aim*. 

. . Fine gold. 


MATEXUAt, TO HE SOrUEREIl. M»l J»tm. 

Tin. .................... . . . Stilt, I’itjkfup or fitre. 

Lead.,.. Soft, i:oat*re »*r fine 

brass, copper, Iron and xinc . . . Holt. t r>ar»« tn fine 

Pewter. , .. .. Pewtewr’* nr fusible 

Brass ... Bpeltrr. wdt. 

Copper and Iron Bpelter. wilt or hard, 

Briuss, copper. Iron, steel....... Anv silver, S 

Gold Gtifd, S, 

Platinum Firtpgnid. 


t rex, 

Rram m 3«m:, eld. 

i^im . r hl. 

Ke*ln of uph:, rid 
Hoi as^ . 

Hofan 
H»»ra.H! , 

Ibirat. 

tfofajf 


The chloride of xinc solution is {irrpaml by disstilvifig 
2inc in muriatic acid to repletion and tlilutuiK with an rc|nal 
quantity of water. For irtm, a small tjuantity t»f sai^itnmt*. 
niac may be added. For hirg;e work, where *4|Kdtrr is used, 
it is powdered and mixed with pulveri/etl fiorax, the ftiix. 
ture made into a thick paste with water, ami ;t|i|iilctl with 
a brush. 

Soft solders are fused with a copper (known in the traile 
as a .solderiu^r iron) or blowpipe after the application of 
the appropriate flux. 

While the work is still hot and the solder fluid, any siir* 
plus may be nicely removed with a moist brush. A neat 
joint may be made between closely fitting siirfares by plat** 
ing a piece of tin-foil between the parts, and fusing in a plain 
•or blowpipe flame. 
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Just here, perhaps, it is well to notice the action aiul use 
of the blowpipe and the structure of tlie l)lowj)i[)e llame. 

When a jet of air from a blowpipe is dii'ected into a 
gas 'or alcohol llame, the form of tlie llame is changed to a 
vslender cone, having at two points characteristics which 
differ widely. There is a slender internal pencil, having a 
fine blue cH)lor, which is known as the reducing llame, shown 
at in Fig-, f/jo, andaii external llame, /», enveloj)ing the blue 
pencil, having a more indefinite form and a brownish color. 
This is the oxidizing llame. A piece of metal -tin for ex- 
am|)le-~~placed at the apex of the outer or oxidizing llame is 
rapidly oxidized, while the same piece placed at the point 


Fi(i. 6(>o. 



of the internal or reducing llame immediately assumes a 
gkibular form and has the brilliant surface of clean melted 
metal. 

The raiimaif of this is that at the extremity o( the 
oxidizing llame there is intensely heated oxygen in condi- 
tion to unite with anything oxidable ; while at or just he« 
yond tlie inner or reducing cone are unhurnt gases having 
a high temperature and a strong affinity for oxygen, and 
consequently any oxide placed at thispennt will be deprived 
of its oxygen and reduced to a metallic .state. 

From this the conclusion will he readily arrived at that 
the proper point in the blowpipe flame to effect the fusion 
of solder is just beyond the apex of the reducing flame. 
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To produce a uniforni coutimmus jet witli tlie tniUnary 
blowpipt* is an attaintneiit u liicli, to Muur. is nu»st ditHeult. 
It is very easy to state that it is tn»l\ Jieeessarv tt> cause 
the mouth to maintain the jet at the instant «i{ inspiration, 
hut it is cpiite another tiling to d«» it. The bhovini^, in li|»ht 
work, shoultl, tor tlie most part, he d<me with the mouth 
ah»ue. It must be tnaile to act the* part «»{ a pump or bel- 
lows, receiving its air siptply treun tin* lungs, but forcing 

Flu. 


! 

' 

i 
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lungs may be used or not at pleasure. Let it not be under- 
stood from the foregoing that the cheeks are to be puffed 
out while blowing. This is not advisable. 

Work tli'T is too large to be readily .soldered In* tlie 
means already noticed may be done in a charcoal or e(»ke 
fire with a blast. Even a common lire of coal or wood may 
often be made to answer the purpo.se. 

Brazing or hard-soldering of any kind must not be tried 
in a lire, or with co.aLs, or tools which have the least trace of 
soft .solder or lead about them. Neither must the brazing 
of work which has been previously soft-soldered be at- 
tempted. A neglect of these cautions insures failure. 

A wash of clay applied to surfaces which arc not to be 
joined prevents the How of .solder. 

The vitrified llu.s may be readily removed by boiling the 
articles for a few moments in dilute suliihuric acid. Tliis is 
best done in a copjier vessel. 

(IAS FURNACE. 

The small gas furnace shown in Fig. 66i may be used in 
connection with the blowpipe and bellows already dest*ribed 
by arranging the blowjiipe on a stand and placing the liir 
nace upon the imtnice stone brick or a lire brick. The 
bluwilipe is adj'.isted to deliver a blast to the opening of (he 
furnace. The crucible in which the metal is melted rests 
upon an elevation at the center of the furnace, as shown in 
the sectional view in Fig. 66i. The crucible contains be.sides 
the metal a small cpiantity of borax for a flux. A brush flame 
is required, and the blowpipe must be carefully adjusted with 
reference to the opening of the furnace to .secure the be.st 
results. 

With this furnace and blowpipe two ounces of metal can 
be melted in ten minutes. Its capacity, however, is greater 
than that. After the metal is rendered suflknently fluid, it 
may be poured into an oiled ingot mouhl, shown in Fig. bos, 
thus giving it a form adapted to rolling or hammering, or it 
may be poured into a sand mould, giving it any desired 
form. The crucible is handled by means of the tongs 
shown in Fig. 663. 


f 
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The body of tlio h'letrlier furn.'U'c' is hiriiit 
in a peculiar way to render it very liijht m 
4*4 indies in external diameter and 4 ‘j int I 
ternal diameter at the toj) is .?’/ inches, at 
inches. The liole at the side is ’| inch in 
cover, wdiicli is lA inches thii-k and oi the s; 


luUMt Mntjlcl, 

the body, is concaved on its under surlace and pj ovtdrd miIIi 
a ^ inch central aj)erture. The cover aiul the IkhIv air ne 
circled by shetd iron. 

It is not ditlicult to nuike a luniace whu h uill cnin|*ajr 
iavorably with the original tirticle. Any tin »*r hIh’*'! sruu 
can t>f the rijjcht size mav be useil as a casiisi^ tui tin* Insnat r, 
provided it be seamed or riveted ttmefher. A tjuart wiita 


bottle having" a raised bottom serves us a |iutterii for tlir iri« 
terior of the furnace. The ujiper portion of the ralHetl 
bottom is filled in with plaster of I’urisor cement to|{ivrtltr 
crudblc support a level tup. The material usvil in the for. 
raation of the furnace is day of the quality nsetl In the mam 
iifacture of fire bricks, or even common liricks, mtnslrnrcl 
and mixed witli granulated fire brick. The material known 
as ‘stove fix, used in repairing the lining of stoves, answers 





vcTV \V('ll whrn niixtnl with fire brii'k or ])imut'L' 

sloiu*. 

'riu' can is tilk'd to t ho doplh of an iiu'h wit h 1 ho luatorial. 
'I'lu' ohanibortal boltoin ot tho wino bottle is oiled :ind tilled 
with the material and plaeial in the ean, as shown in h'i^’. 
664. A 'I int'h woock'ii plii<4 is inserted in a hok‘ in the side 
of tlu' ean, to be aftt'rvvard w ithdrawn to form t he l)htst apta*- 
tiire. 'riu‘ ean is then lilled with tlu' (‘lav mixture, which is 
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tuniptd in li|^hlly. Tlte material sluutld not be too wet, and 
it is well t«» «»il tlte bottle to facilitate its removal. When 
the hllini^ operation is complete, the bottle is hmsened and 
withdrawn. 

1‘he cover is formed by lillin^ a suitable band with 
the clay ttnxture. The furnace is allowed to dry for a day 
<tr so. 1 lie first time the funuiee is heated, the temperature 
iiliould be increased very |j^radually. 
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MAKINc; MOULDS KOR, AND DASTINt; AND FlNlSUINi; 

ARTICLES IN THK MORE FUSllU E ALl.oVS. 

By the followinj^ simple pn)ce.ss, with few tin>is aiitl ma- 
terials, the virtuoso may reprotluee his rare anti curious arti- 
cles, the artist may fix his ideas iu endurinf^' metals, and the 
amateur machinist may make smotJth, hnished castings for 
various jiarts of his machinery. It is not supposed that this 
process will su[)plant the ordinary means of protlucing’ cast- 


Elli. frfig. 
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for the trades; but u will be found useful and conveni- 
ent for amateur and artisan. 

A medallion, a bass-relief, or an article of less artistic de- 
sign may be chosen fora pattern. In any case ft must have 
the necessary ciualifications for moulding, namely, a smootli 
water-i>roof surface ; a sufficient dnmg)ii to permit it to be 
,di 
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may be found in filling- up with wax, or niuking the mould in 
several pieces. 

To illustrate the method, a medallion is chosen. If there 
are doubts about drawing it from the moidd, a thin ribbon 
of wax may be wrapped around its edge. 'I'lie pattern now 
receives a coating of oil, the greater i)ortion of which .is re- 
moved with a pledget of cotton. It is j>laced flatwise on a 
piece of glass or smooth board, previously oiled. 'I'wo parts 
of plaster of Paris and one part of powdered pumice stone 
are mixed with water to a creamy consistency, and a small 
quantity of this is poured on the pattern, and washed about 
with a camel’s hair pencil until no air bubbles art* set‘n, then 
a little more is pouretl on, .so as to overlap the medal about 
half its diameter. Wlu'n the plaster begins to set, eomnujn 
pins are inserted with the points nearly or cjuite touching 
the medal. The mould is then built up with the plaster 
until it is suniciently strong. 

After this part of the mould becamies hard, it must be 
prepared-while the {lattern is still in it for making the 
counterpjirt. This is done by first making two slight 
grooves, which are to locate the channel through which the 
metal is to be [)oured, and notching the sides in two or more 
{)laces. 

The part of the mould winch will come in contact with 
the counterpart is bruslietl over with jiowdered .soapHtt»ne, lt» 
render it separable, 'fhe pattern is «»iled and tlie surplus re- 
moved as before. The plaster is prepared and [xmrecl care- 
fully over the putteru and upi)er surface of the mould ; care 
being taken to get it well into the notches, which ftirrn the 
guides for the counterpart. When the {»laster begins to set 
the pins may be inserted, and this })art of the numld may Ik* 
thickened up until it is stout enough to bear handling. When 
the plaster becomes hard the pins are removed, leaving vents 
which facilitate drying the mould and furnish a means for the 
escape of steam. 

The mould may now Ik* separated, the pattern removed, 
and the channel through whicii the metal is t(* be poured 
may be cut in eacli part of the mould, it being already laid 
out. Six or eight slight grtKwes for vents are tt) Ik* cut 
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radially from the iinprossioti Iclt bv thr patlion tuthf cmt. 
side of the mould, d'lie mnultl inu^'t be tlried tliorou^ldv in 
an oven or upon the stnve. It is advanta^rous in M»me 
cases to brush the taie oi the mould over with soapstone 
|)o\vcler, care beiuf^ taken mit to till the Icier lines. 

A line annealed wire is wound about the mould to hold if 
together. It is then set uj) in atlish ot sand, widt h tiolds it 
iipriglit and obviates any aeeiilent whii h ndglst occur from 
overtilling the mould. 

A hass-rcliei may be readily ctipied bv taking an intpres 
sion in precisely the same manner as in the case* ot the first 






Was PaUnfn. 

part of the medallion mould. 11 the article Ih* copied wof 
such a nature that it is irnuImisHilile to copy it in thin nmnneri^ 
an impression in wax or guttti-percha nmst be taken anti a 
dutilicatc of the article made in plaster t»f ParlH. After 
getting tlie imiiression frtmi the buHs.relief, jirtivisitm ftir the 
thickness of the metal wldcli is to make the copy Is made in 
the following manner: 

Paraffine and beeswax, in the proptirtlon of one of the 
former to three of the latter, are melted together and cstst 
into a thin plate, in a platter which has lieen rnowtened tt» 
render the wax easily removable. A board having a level 
surface is prepared, tmd two strip.s of wood, having the thick- 
ness of the metal in the casting to be made, are placed near 
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opposite e(lfj;t‘s tii the boanl, as in tlu‘ illust ration 
A roller haviiij^' an r([ual tlianieter throuixiinnt, anti a length 
which is a little ^‘reater than the width ol the lH)ard, is pro- 
vided. 

'I'Ik' niixture ol parathne and wax (which will be calletl 
av^.r) is wanned sli|4'htl y (tnost conveniently in warm watery 
and placed upon the board, which must be wt't, and the 
roller, also wet, is rolled over it until it touches the strips ot 
wood, the wax in ctinst'tjuence having been reduct'd to (he 
thickness of these strips. And now while the wax is still 
slightly warm not warm enough, however, (<» make it ad- 

iiesive -it is carefully worketl with the lingers into every 

[Kirt of the impression of tlu' relief, so that it mav have the 
lorm of the back ol (he desired casting. vShoultl the wax 
stretch so much as to become too thin in some of the deepi'f 
places in the nuudd, it should be back<’d up wit h an a<hii“ 
tional sheet a! that p«»ml. No attempt should be made to 
force (he wax into the minutt' depressions, as some tif the 
fine features t»f the mould might be iujurt'd. ‘riu* wax may 
be trimmed with a warmed knife, giving the etlge (»f tin* 
vv<jrk the ret|uired fortn. 'riie mould from (his point out is 
proct'eded with in the same tnanner as in the c'use of the 
medtdlion. In tlie lower part of log. is shown ti hmgi- 
tudinal sectiem (*f a mould, sltowing the position (»f the 
wax. 

The following alloys are recommended as suitable lor 
casting in the mouUis above described, and usually a num» 
her of perfect casts may be taken from a single monld : 

An alloy c«»nsisting of zinc 4 parts, tin 3 |>urtH, :uul bis» 
myth 1 juirt i.s of a light silvery color, with u brilliant crys- 
talline surface. 

Zinc 7 |)art.s, antimony 4 parts, bismuth i part, makes a 
fine light gray metal. 

Antimony i part, tin 4 parts, makes a beautiful whift^ 
alh)y having the appearance of silver. One or two addi- 
tional parts of tin renders the metal more imdleable. 

These alloys all run sharp and make fine castings. They 
may be readily melted in a ladle i s a common fire, or in 
small quantities over a iUmsen burner. 
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As ttj finish, tlic i-astin^s mav Ik* k'lt as takiai trom the 
moiiUl, or they may ho laotjuoroil with ;mv of tho \arii»usly 
colored laaiuors. Ora hron/o finisli having tho truo/#i//W 
itNlifptd! may ho j^iyon thorn in tho (ollowim^ inauiuT : Tako a 
small roll of cotton cloth, I inch diainotm, ^ inch in longth. 
and wind a cojijior wire aUmt it witli Novoral turns, fnudlv 
twisting it into a handle. I>i|» this into tsnnniorcial nitric 
acid and brush oyer tho casting with tho jn'ojocuing oml of 
the cotton roll. 

It will ho found that tho at itl (UsmjIvos tho coppor sidh- 
ciontly to deposit a fdin on tho suitaco ot tho tasting, riio 
|)roniincnt portions of tlio casting uill ho ooatod willi inotal 
lie copper, whilotho doprossions which aro niU rnhhod with 
tho roll will ho coated withahluish groc-n salt. Immodiatolv 
after tho easting is cf»ato<l. it should ho washed in i loati 
water and wiped off with .i sptmgo, t aro Indng taken to not 
disturb tho green deposit in the th'pressions ol the casting. 
This treatment produces this elTect, only on the last tneu- 
tioiied alloy. If applietl to tlu* secmid one, it pmdui cs a 
fine dark appearance similar to «»\itli/cd sih ei . A further 
imj>royement may he made in the eastings hy vvartning 
them anti brushing them oyer with a very slight coating 
of wax. 

'fo preseryt‘the snriace ol the tnystalline alh»\ , it sh«»uld 
be ctKitcd with a very thin him «ii colhnlion. 

MOUI.niNtJ ANt> cASTtN't, IN' HANJt. 

To he able tt» nnmhl small articles in santl ami cast them 
in the difTerent metals is often a great eonveniencr. Altffle 
practice will enable tuie tti do a fair jt»b of plain work. C hir 
or more Husks made in halve,s and ctmnected by dowels will 
lie retpdred, also some fine moulding sand, winch may be 
obtained from any brass or iron foumiry. 'riie sand shoukl 
be new. Old mouldingsand inis a disagreeable tHior, When 
the moulding sand is procured, it wtmkl la? well tti secure 
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ing- bench cc)nsi.stin,LC <>1 a shallow partly covered box lor con- 
taining the sand is desirabUs A follow boanl is jdaeed uptm 
the bench, and the pattern is laid n[»on it. 'I'he lower part 
of the llask— which is known as the nowel — is placed upon 
the board. Sand is now sifted upon the pattern througli 
a wire cloth sit've, No. 20 mesh. A depth (»f only itudi of 
sifted sand is retpiired, 'Phe nowel may now be tilled with 
sand from the bt>x, vvdiich is rammetl with a small rammer, 


MuulUlnn in Hand. 


somewhat resembling a potato masher. The wedge-shaped 
end of tlie rammer is used for compressing the .sand at the 
sides and ends tif the flask, while the cylindrical end is 
used in the central position, When the nowel is hdl of sand 
it is levelerl by tneans of the stwaper, then a little lnt>se sand 
is sprinkkal t»n, and tfte other hdhuv hoard is placed on the 
nowel. When the latter is inverted and the lirst follow hoard 
is rerncjvetl, the sjind is removed from around the pattern at 
the parting line, or, if the pattern is made in two parts, the 
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scc'fUHi hall is pLu tsi mi tlir In si hall, .is!«l |'4rli!ii; s.iiul is 
sprinklfd nvt'r tlu* lai'«‘ *<s tbs' li.ji! i<! fis*' iiit*>}li|. Sur- 
plus parting s.iinl is hluun aua\ Ih a !i*»sii liir i!i»nj|li 

nr Irmu a haiiti fit'llnus. I hr iippri pai! •«! ihr flask » allrti 
the riipf is piarrH ijj pusilnaj «aj rhr hiHri h,tlh ami a j^alr 
pin is insertrcl in ihr sand af a p«an! nrai ihr* p.itirsn. I hr 
t'npe is nmv tillftt with inmdduiij sand, as m Ihr rasr »»i iIh- 
iujut!. Tht* 14’alr pin is lapprd un ddli-rrisf stdrs anil rr. 
nmvt’d, l"lu' hiiinu |n*aid is plarcal »»n fiir rMpr 
latter is lilttnl hum fhr nuurl. and Ian! I,, 

luittum side tip un the stiMuldmt.* Inm l». , 

The pattern st ii'n.t; < I t'^ ei-.s*, u. m 
sertetl in the pattern .ind ;,;rnlh sa|»|«rd 
in two {lireetiuiis at lij^hl anj'h s !»» ras h 
other, altei whieh the paffrjn e. lair 
lldly lilted liutii the Itiuiiid \ ^'af* e. 
ent h'liijt the usmild tu the puml «a sIm.- 
|4'a(e {tin tft the iimvrl bv m«*aiis »♦! .» 

{liet.’e itl thin sheet metal !»ent 8iit»« 
l'«shape. 

II an extra sm*«»ih i'astmi^ m u- 
tjuired. tiir ninuld s|nHihl he dnstrd 
over with the plumbaiju This 

is uecumplisheil bv s!i.ikisi|» over the 
nmukl a muslin baij eimtainiug llir 
plumha|(o. The pattern is rrplai rd i«» 
snuMdh the surlaee and then irmuvrti . 
the rimuhl is elused and i lamped. II 
the object is o| some si/e, the fiimiltl 
shtiuld he vented. This is dmir bv pina 11114 tlir siinil 
fnnn the outsitle of the mould to ihr paltern by means 



a. 
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al the vetit wire shown at i\ Idu. 

H during tlie process ol niuiildiiii* anv |»ariii|rs*4 *4,iit4l 
shouhl fall into llie {uouhl. Ihi'v inai" be l.ikrn tail bv the 
r%ht»an|i,ded end of the lifter. . d'lij. I'ftr uppusiic 

end of the tool is fornietl iniu ,1 ihiti lil.pfr as a 

slick, and used for building »p bi‘«4rii parts »♦! ihr fimylti 
and for smoothing plane surjairs. 

Zinc or typ*' metal may i»e iiirilni in aii iron i.iiJIe in a 
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common tirp. Brass or bronze may be melted in a sand 
u ucihle in a coal lire havinj^ a fj^ood draught. In small quan- 
tities it^ may be mellt'd in tlie ^as fnrnancc described else- 
\v hci e in 1 his cliapter. A little borax should be placed in 
the crucible as a lliix. 

MAKINCt CARBON RODS AND PLATES. 

C arlmn rods and plates of the finest quality can be made 
economically only by the use of expensive machinery and 

Flo. 669, 


Moulding Carbon Plates. 

apparatii.s, such as pulverizing' mills, hydraulic presses, and 
retorts or ovens ; but the amateur, without a great deal of 
trouble, and with very little expense, can make carbon pkites 
and rods which will answer a good purpose. The mate- 
rials required are coke, wheat flour, molasses or sirup, and 
water. The tools consist of a few moulds, a trowel or its 
equivalent for forcing the carbon mixture into flat moulds, 
tubes to be used a.s moulds for carbon rods, and ramrods for 
conden.sing the material in the tubes and forcing it out, and 
an iron mortar or some other device for reducing the coke 
to powder. 
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Clean pieces of coke should be selected for this purpose, 
and such as contain no volatile matters are preferred. The 
coke is pulverized and passed through a fine sieve. It is 
then thoroughly mixed with from 
one-sixth to one-eighth its bulk 
of wheat flour, both being in a 
dry state. The mixture is moist- 
ened with water (or water with 
a small percentage of molasses 
added) sufficiently to render it 
thoroughly damp throughout, but 
not Avet. It should now be al- 
lowed to stand for tAvo or three 
hours in a closed vessel to prevent 
the evaporation of the Avater. At 
the end of this time the mixture 
may be pressed into moulds of 
any desired form, then removed 
from the moulds and dried, 
slowly at first, afterward rapidly, 
in an ordinary oven at a high 
temperature. When the plates or 
thoroughly dried, they are packed 
they are small, in a crucible, and completely surrounded by 
coke dust to exclude air and to prevent the combustion of 

Fig. 671. 


Moulding Carbon Rods. 

rods thus formed are 
in an iron box, or, if 


Discharging the Mould. 

the plates or rods during the carbonizing process. The box 
or crucible must be closed by a non-combustible cover and 
placed in a furnace or range fire in such a way as to cause it 
to be heated gradually to a red heat. After the box be- 


MKCHANICAI. OPERATIuXS. i8() 

comes licaled to the recjiured deforce, it is inaiutaincd at that 
temperature f{)r an hour or vSo, alter which it is removed 
from the' fire and allow'ed to cool before bein^ o])ened. The 
rods or plates are then boiled for a half-hour in thin sirup 
or in molasses ibluted with a little water. I’hey are again 
baked in an ordinary oven and afterward carbonized in the 
manner already described. This latter proce.ss of boiling in 
sirup and recarbonizing is repeated until the required den- 
sity is secured. 

As some gases are given off during carbonization, it is 
necessary to leave the box or crucible unsealed to allow 
these gases to escape. 

Fig. (>(k) shows an inexpensive form of mould for Hat 
carbon jdates. It consists tif two right-angled jiieces of 

wood of the tliickness of the 
carbon plate to be made, and 
a tliick plate of sheet iron. 
The iron should be oiled or 
smeared with grease before 
the mould is lilled. The car- 
bon and flour mixture is jircss- 
ed into the mould smoothly, 
the wooden jiieces arc re- 
moved, and the carbon is left 
on the iron plate to dry. When dry it is easily separated 
from the {date and may be handled without danger of 
breaking. 

C-ylindrical carbon rods may be formed in a wooden 
mould, as shown in the background of Fig. 669, and dried in 
a grooved iron plate adapted to receive them, or a brass 
tube may be used as a mould, as shown in Figs. 670 and 
67!, To facilitate the filling of the tube, a funnel may be 
formed on or attached to one end. The tulie may be lilled 
with carbon entirely from the top, or it may be partly filled 
by forcing its lower entl several times down into tlie carbon 
mixture, finishing the filling at the top. The lower end t)f 
the tube is placed on an iron plate, and the contents are 
rammed from time to time during the filling operation. 
When the tube Is filled, it is discharged in the manner illus- 
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C.'irbonljiltijif Box. 




USEFUL RECIPES. 

Cements. 

A cement for leather and soft rubber . — Cut ^afuttci-percho 
shreds in bisulphide of carbon. It should be applied to the 
two parts to be united, and befoi'e it dries the ])arts should 
be pressed together. Care should be taken to avoid ap- 
proaching the fire or light with this cement, as the vapor oi 
the bisulphide of carbon is very inflammable. 

Cement for rubber cloth arid leather . — Dissolve pure gum 
rubber in turpentine. Apply as a varnish, and when tacky 
press the parts together. The addition of a small amount of 
gutta-percha renders the cement firmer. 

Cement for attaching wood to glass or securing flexible rubber 
to iron or wood . — Melt together equal parts of yellow pitch 
and gutta-percha ; apply warm. The parts to which it is 
-applied should also be warm. 

The addition to the above of shellac in the proportion of 
.about I of shellac to 2 of the above cement will increase its 
hardness. 

Cement for glass, leather, and wood . — Soak gelatine in cold 
water overnight. Pour off the water and add 20 per cent, 
-of acetic acid, melt carefully over a water bath. Apply with 
.a brush. 

Mucilage for labels . — Dextrine dissolved in hot water with 
.a small percentage of molasses added, forms an excellent 
mucilage. 

Mucilage for attaching labels to glass, metals, or tvood.—A. 
^aste formed of gum tragacanth and water. 
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trated by Fig. 671, i. e., by pulling it over a fixed rod whih 
its discharge end delivers the carbon cylinders to the ii on 
plate on which they are to be dried and baked prepaiatoiy 
to carbonization. The plate in this case should be oiled tc 
prevent the adhesion of the rods. The rod by which th' 
contents of the tube are ejected should be on a level with the 
top of the iron plate. Fig. 672 shows in section an iron bo: 

• containing plates and rods packed ready for carbonization. 
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hixoiultic for xvood aii<i -Pre|)urc a (juaUty 
'll while i^’luc ill llu* usual way. Add to the ^•luc when pre- 
part'tl 5 per ueul. of hichromalc of potash, hiK'ly powdered; 
stir it until ihc'bichroniateol' jiotash is thoroii}j;;hl y dissolved. 
Artitdes eeiueuted with this ^iuc should he exposed to the 
lii;ht lor a lew hours to reudei the ^lue iiisohdile. The addi- 
tion to the above ot a little f^lvct'rine or molasses will render 
it ilexible. 

l ‘t'Wt/1/ for h'tifhor, '•{<) parts of jj^aitta-percha, 4 of ^um 
I'ubber, a of vellow piti'h, 1 of shellae, melted together with 
J parts ol linseed oil. 

i omonf iiti/'trrioiis to bisnlp/iiiir 0/ inrhou. -Best ijuality of 
white p,hie with to pel’ cent. o| molasses addeil. 

( ffHrnt for ///.o/Zf/Zy/n; Bure ”;um rubber dissolved 

in turpentine, with the addition til 5 per cent, ol raw linseed 
oil. 

Anofih-r for lapor, N'ellow piteh, « jiarls; beeswax, .3 
[larts ; tallow, i (larl. 

,\h(irhri{ti'}; oomrut. pounds Bortland eement, ^ pounds 
ol sharp sand, 4 pounds ol blaeksmith’s ashes, 4 pounds ol 
resin. .Melt the resin ;uul stir the other ingredients in. 

/i/iftl rrwr///. ■ I pound blacrksmith’s ashes, i ixmncl 
sharp .sand, ptmnds of resin. C'ombine as in the last 
reeipe. 

JtiJ-.proo/ i part of imre rubber in 2 parts 
of linseed <nl, add b parts of f)ipe elay. This mixture pro- 
duces a plastic cement wdiidi softens by heat, Imt does not 
melt. 

Crmrni for Stockholm tai% I ptui: ; resin, 1 

part ; j^utta-percha, 3 parts. 

rr///r7//."-.Shellac, 5 parts; resin, 2 parts; Venice 
turpentine, i imrt ; yellow oehei’, 3 parts. 

C'ominon sealing wax and jewtder's cement are very 
convenient for many uses. The eement sold for attach- 
iiijjf bieyele tires to the wheels is uselul for making tanks, 
cementini^; rubber, etc. 
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I 'tirnislh .V. 

A varnish formetl by clissdlviii^^ {iran^c sncllac in ^*5 pnr 
cent, alcohol is intlispcusablc in the laboratory. It is u>r 
fill for all kinds of electrical \vt>rk ami lor finishing- wtunl 
and metal win-k. It may be readily colored by the addition 
of pigments, such as vermilion for red, Hibernia green lor 
green, IVussian blue or ultramarine Idue together with Hake 
white, for blue, and calcined lanipblaek for black. For 
brown, the red and black may be mixed. Ftir purjde, tin* 
red and blue may be mixed, b’or yellow, finely powdered 
yellow ocher or chrome yellow may be addt*d. F<ir a dead 
black varnish, for optical and other uses, aleolnd, witli a 
simdl percentage of shellac varnish atided, mixed with cab 
ciued lampblack, an.swers an excellent purpose. 

A hicqiur for brass ivork is mado as foiitnvs, H ounce.s of 
stick lac is dissolvetl in a half gallon of alcohol and tin* .solu- 
tion is fdtered. This fortns a pule laequer whielj dries huril 
and pre.serves the natural color of brass work. 

Another iatyuer for brass.- Dissolve H ounees of stick lac. 
2 ounces of gum sandarac, 3 ounces amiatto, and | tnitice of 
dragon's blood in 3 quarts of alcohol. It should be filtered 
before using. This forms a rich golcbcohmed lacquer, I’he 
articles to which tliese lactjuer.s are applied must lie warmed 
slightly before the application and must be kept Init after 
the application until the alcohtil evaporates. 

Idaek varnish for metal work and polaristHg wfVwrj.— Dis- 
.solve pure asphaltum in turpentine, add a few drops t»f 
boiled oil to every pint tif the varnish. The black japan 
varnish sold as one of the bicyclists* supplies bir retoucdnng 
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’nil-; SCtKNTlKtC USH (IK COMMdX THIXCS. 

Scictitific flirts ami priiunplrs may often hr illnstrutril by 
airans of rommou things, surh as may hr mrt witli in rvm'y. 
day lifr. I’ins, nrrdlrs, sticks, straws, Indli'ts, hottU"-, liair 
pins, ruhlirr hands, inarhk'S, arc among the things availahlr 
for t'xprrimrntal (im poses. ICvrn a hand saw may lie pressed 
into the .service of scirntiru' illustration. 

Tile first figure of the engraving illustrates a piece of 
ainiaratus which is donlitless belter known to the st hool 
boy than the (irofrssor. 'fhe writt'r’s attention was jiiNt 
called to this instrument by a (irofessor ol jihysies, who eon 
fiscatrd it from a student and used it in a lecture as an illus 
tration. It consists ol a hoard into which art* driven eight 
common jiins, which are allowed to project dilft'rent lengths, 
thus forming a musical instrument which may he jilayed by 
jilucking tlu! heads of the (lins. The inslrnment is lunetl by 
driving tlir pins into the hoard more or less. In this expe 
riment it. is shown that there exists a certain relation he- 
tween the length of the vibrating jiin and the ptt('h of the 
sound it produces. In Fig. 2 is shown a x\ lophone, a muHi. 
cal instrument formed of burs of wood ol different lengtlis 
and thickne.s.ses. The jiarticulur instrument here illustrated 
was made of a piece of a (line box eover sjdit iiji in a !iaj>» 
liazarcl way and tuned liy shortening to inerease the (litch 
and reducing in thickness or notching at the centc*i to lower 
its pitch. The bars are sujiported by a loosely iwistetl 
curd. The sound is produced by striking the bars at their 
rnid-length with small mallet.s. 

In Fig. 3 is shown a mtulification of .Savart's wheel, 
which is in reality no wdieel at all, but the effects secured 
arc substantially the same. By drawing the edgtt of a card 
slowly along the cutting edge of a fine .saw, regular taps are 
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produced, which do not. form a mu.sical sound; but when 
the card is drawn alon^ (luickly, the taps are made with 
sufficient freciuencv to produce a sound, tlje pitch of which 
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will vary, of foursv, with tiu' nipitlitv ol tho luovruu'ut t»f 
the card. 

In Fig. 4 is illustrated an experiment with a pa[>er tube, 
illustrating the closed aiul tjpen organ pipe. When the end 
of the tube is .struck sinartlv with the pultu tjf the hand, it 
the hand is allowed to remain in ctintact with the* end t»l the 
tube, the air itt tin* tube will be set in vibration, and a tone 
will he produced which is dm* (o a closed pipe ol that 
length. If, however, tlie hand is instantly rettiovetl (tom 
the tube after the blow, two notes will be heard, one due to 
the clo.sed pipe, the other t»> the tipen pipe, and the latter 
will be an octave higher than the lirst. 

hi h'ig. 5 is an ex(jeriment with a vial, which is made to 
an.swer as a closed pipe, tlie length of which is vat ied by 
pouring in water. By blowing uenrns tin* nnnith «»( (he vial, 
a sound will be produced which varies in pitch with the 
length of the air space above the water. By closing the 
mouth of the vial more or less by the tuuler lip, it is tound 
that tliis also changes the piteh ; the .smaller the opening of 
the moutli of tIu* vial, the lower the piteh. 

In Fig. 6 is shown a toy which is interesting on at t'tnmt 
of the great variety of intricate figures it can protluce, It 
consists of a di.sk of black cardboartl, having two ludes near 
and on opjKisitc side.s of the center, an elastic cord inHerteti 
in these holes, and four paper fasteners or' bright brass nails 
inserted in the disk at four points eipially tltstaut from the 
center of the disk and from each other. This toy is used in 
the .same manner as the well-known hu/z, by twisting the 
cord and drawing upon it, and while the disk revolves, lust 
in one direction and then in the other, tlte cord h matlr to 
vibrate laterally. Some of the figures which may be pro. 
duced in this way are .sliown in the engraving. Iliesr* 
effects are due to per.sistence of vision. 

In Figs. 7 and K is shown a simple tlevice for illustnaing 
centrifugal force. Two bullets sjdit to the center air 
closed together upon the emls of an <»rdinarv liuirpiii, and 
the latter is suspended by a small rubber bami. I'lir band 
is twisted and then allowed tt> untwist, thus imparting a 
rapid rotary motion tti the hairpin, whit h t auHCH the bullets 
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to fly out by ct'ntrilu|4al fort'c as siuiwfs in H. The 
nionu'ntuin aoijuiml by the Imllcts tiuriuii tbr usitvvistiui^ of 
tlic rubber band twists the hand in the oi|«|n»sitr tlim tion.so 
tiuit, when it untwists a|»;un, the apparatus will rotate in the 
op[)osite direction, ‘riiis operation will t ontimte tor a con. 
siderable time. 

In the apparatu.s showti in b'i^. »i hairpitts are aijain 
pressed intci .service, ( )ne is opejiial out at a riitht au^le, 
formin^^ a standard ; another is bent tip at the ends, lorniini^' 
a (hnible hook. I'ht' standard is insmted in a b.»i.eboard 
jirovided with a graduated cirele. The ihnible houk is sus- 
pended troin the stamlaial bv a short pin e of fwisind catgut 
cord, and in tlic doidde iiook is piaceti a sinall knitting ueetlle 
to .serve as an index, Phis tornis a hvgroM ope, which is 
quite sensitive to atmospheric nioislure. Uv substituting a 
t'dament of .silk or a tine hair lor the catgut l ortl, the double 
hook may be used for supporting a straw to show electrical 
attraction and repulsion, a stii k ol sealing wax or a glass 
rod being used to produce the elri trieit\. 

'Fhe apjiaratus illustrated l»v big. u» showH the elastii itv 
of solids. Two pieces of •* mafchral stuff ” are mitered to. 
gether, as shown, to form an im iim d plane and a guide lor 
marbles or leatl bullets. A number ol marbles are placed in 
the gnxjve in the hcirii^ontal guide and another marble is 
allowed to roll dowy the Inelined plane, Idie blow thus 
imparted to the last marble of the series is transmitted 
through the entire series to the first, whicit Is thrown for- 
ward. This action is due t«* the compression of the marbles 
by the blow and their restitution by Iheb own elasticity to 
their original form. When lead bullets are substituted for 
the marbles, the force «}| the blow Is expentled In perma- 
nently changing their form. 


N'OVKL TOYS. 


The elasticity of torsion and tension, the storage of 
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people wlio see the toy realizes the composite nature of 
its action. Ikirrin^ the well known return hall, nothing; 
can be simpler than this toy, which consists of two wooden 
balls of the same diameter connected by a slender elastic 
rubber band attached by staples, asshown in the lower li^ure. 

I'o pre})are the toy for operation, it is only necessary 
to twist tlie rubber band by holding one of the halls in 
the hand and rollin^^ the other round in a circular j)ath up- 
on the floor liy h' hand a fi;yratory motion. As 

Fiu. n. 




(Jyrating 

soon as the lauid Is twisted, the free bull is |,5;rasped in the 
hand, tlien bc»th are released at once. 

The untwisting of the rubber luind causes the balls to 
roll in (jpposite directiorjs in a circular i)ath, and centrifugal 
force causes the Indls to fly outwardly By virtue of the 
actpdred momentum, the balls continue to rotate after the 
rubber Ijurid is untwisted, Sf» that tlie band is agtun twisted, 
but in the ojjptmite direction. As sotm as the resistance of 
tfje Imnd overcomes the nnnnentum t>f the balls, the nitation 
ceases for an instant, when the band again untwisting re» 
volves the balls in the opposite direction, and the operation 
is repeated until the stcjreil energy is exhaustecL 
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In i*' r jii w Itu it tis*- t'c-iitt’f 

of i^ravity is luoatnl ar.y ?iir |»ri i|*l»rrv, I Iw' l».tll, tt hit ii is 

hoihnv, is inacliM»t |».t|*c*r. I’m fbr tiiw-i miiLii r «>| ||»r usill 
of the ball is attaohei! a wri^^lif wIsh h ts sti nl.irr by 

a piece ttf cloth ulurtj tivta it. Whnt Ihi** li.ill ihrinvn 

throuijii the air with a uiiirlifii: looUtiii, it i a i*«rvc 

like that irulicateclin (lot tr»l liitrs its ihr tijiprr |stit of the? 

eni^ravini^, sti that it is thflicult. if ii«»t raich 

it. When the ball is rollrtl tm .t pLitir smiarr. it «!*«♦*» i»»t 
take a stniij^htfurwanl coursr, a*. br rspnirtl a 


welbbalancetl ball, but it* 
cated in dotted lincH in the 


» ‘ V . 

as to form, material and inrih»ttl% of tlir nnr 

in the engraving afijw-arH to Iwvr ina rl Ir.iinrr** wiiicb di*. 
tinguish it from any of its |»rrdrrrs'«»rs. 

It consists of a cartllMiard disk. Inning a nrrirn *»! «i|ilM|t}e 
slots symmetricalty arranged, the e.irdbmrtl liring rail rn- 
tirely thrtnigh on one of tisr longri awl Itto of ilir sliortrr 
sides of the parallelogram, tlirc.ii«ll*«»,o«i iIiijh liriiii ijr*! bring 
turnetl up at right angles to the |4anr «»l ll»r raub to form 
ohliiiue wings or vanes. In ibr I'rntrr *4' ii«r ifliik a Lifgc 
corninon pin is secwretl tiv niratn «if sraliiig liir Israti *4 




A N(>\ HI. 'lOl'. 


A ctumium spmil is usctl us u nu»uth])icct! for setting the 
top whirlini.;’. Tlu* sptxtl is held to the mouth, the pointed 
eml of the pin is insertetl loosely in the hore of the spool and 
the* disk is lield up hy veuy li^lit pressure of the iin^cr on the 
pivot. As soon as the disk is blown upon, the ting'er may be. 


Fiu, 14. 



I'm. 13. 


Flu. 15. 







removed from the pivot, when the disk will be revolved rap- 
idly by the impingement of the blast of air on the vanes, at 
the same time the lateral streams of air issuing between the 
soool and the disk create a nartial vacuum between the disk 



j 
1 

Ah stHUi as thr hUiwuij.:; » r.iM % 
tituu'S tn rrv'ttivt* «»fj iiH |«svMf, li i* 
that, to sfcure |^«»o«{ fh** h 

spins after it drops slnniUI !»*• a pir« 
or some otfier hard, smooth Huiiat 
I'iR- I.t Hlunvs the method ol «v 
after it is drt>ppetl. in a pi. 

diametrical section of a metal lop I 
of the form sh<m*n. 

Uo|» AM* I \|- 



A cun«nis result of the comi 
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cicsccntling, anti it w ill ptTsist in maintaining its motion 
wlscn the rod is like a [K*tululum as shown at 2, 

Ily dexteroiislv turuini^ the rod end for end before the ring 
fompietes its excursion, the operation will he reversed and 
the ring will again travel d.jwnwartl When the rcul is 
lield vertically, as ;it 4, the best results are secured. A 
snujoth string answers a very good purjiose when strained 
in the nuunier shown at 5, /. e.. with the u})])er end of 
the string gruspetl hrtnly by the hand while the lower end 
is held t(} the floor hv pressure of the foot. 

This experiment is capable cjf some modification ; for 
exurnple, a pure rubber tube may be substituted for the 
stritig, or. with a rod inserted in it, it may be substituted for 
the t«id, and a bglit metal ring may be used instead of the 
rubber ring. 

‘I'he exjilanation td the behavior of tlie rubber ring will 
be readily untlersttKid by reference to 6, from which 
it will be seeti that the line of contact between the ring 
and tlu’ rod is oblitjue: in fact, it corresponds to a jicrl ion 
of the spiral ticscribed by the ring in its passage down the 
jchI, The fr iction due to the jiressure resulting from ctm- 
trifugul birce prevents the ring from making a direct line 
of descent, wlule Its inclined lutsition compels it to take a 
spiral t tnirse ilown the rod. 

The ring rolls by internal contact witli the rod, but, to 
make one revolution tm its own axis, it imust roll around the 
rot! nearly as many times as the diameter of the rod is con- 
tained in the internal diameter of the ring. 


« F.NTRtFtUiAI. ACTION OK AtU. 
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EXPERIMENTAL SCIENCE — APPENDIX. 


earth’s surface from the poles toward the equator are due 
in part at least to centrifugal force. Any body revolving in 
air furnishes a partial illustration of this principle, the de- 
fect in the illustration being the absence of a force to hold 
the same body of air always in contact with the revolving 
body. 

A very simple and effective piece of apparatus applied 
to the whirling table for showing the effect of centrifugal 


Fig. i8. 



The “Skeleton Sphere,” 


force on air was described some time since in a foreign 
scientific journal. The writer has applied this apparatus tO' 
the scientific top (described on p. 14), in the manner fully 
illustrated by Fig. 20. The construction of the attachment 
is shown in Fig. 18, and Fig. 19 shows the direction of the 
air currents. 

The apparatus consists of a metal tube loosely fitted to 
the stem of the top, and provided at its upper end with a tin 
disk four inches in diameter, with four quadrants of the 
same material attached to the disk and tube below the disk 
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iiul a similar ai raJim-iju-nt «il quailrutits almvt* the disk, thus 
itai tiiall) l‘iriiun|^ a skidetnu spiierc* — -it such an cxiu’csssion 





2ti4 n \*’f \rr!\!-,'\ 

niUV usinl— uI t\M* *}!iyi42 lylfi ’•.'■liiiiig 

t'lU'h cjfhff itt flit* ilir^r Ihm slisk^ 

intt'rserttnl at tlif <*i|uatMf 1*^ aiiMiiirr ,tf !f.:;‘lti In 

the axin. 

'riu* ttiji in r.ijiul llir i*. |44rrd 

ujHsn the stem, uiul heittic rrv«4vr«l at tisr smuv lair ,h llte 
top, it thrown out air at the e<|si4l«*t whirlj ts i oniifui.iHy 
replaetnl hv air <trawn in at the |w*trn, Utr *,i iltc* 

air eurrents is elearly sluiwfi hv hohluu: a lujlsii-*! «.!% faprr 
near the apparatus at tiu' polm. and at ihr niii.ilor, as 
nhown in h*i^. tM* “r hv i'rrafntu a n«p»kr n* ihr t n itnti,- nf 
the t<ip. 

A paper riu|j, | itieSi «»r | stnJs %v$slr, ,ui«l | sn* h i4i4»rr in 
iutertial diutneter tliar* the nph rrr, in su|»|toHr»l in the oyt. 
rushing air. in a plane iirarh t ihr r»|ti,itor. 

U' displaeet! and rrleaned. it iinmrslf.itfh rriiun** i«» sis 

original position. 

AS r:srr:i4i^ii..\ I is .yiu sn* ■■■.. 

In llie annexed engr.ivnsg e* ‘dsonss a irsi, sjnjph" .nitd 
effective niethod of inditaSisig i eahli ti»'’ % aUj i»l a 

reeii, tuning fork or tiiapisragstt. If e* se4 a-.'auned that it 
can replact? any ol the rsisfnig 8nrih<i»f'* »»* srsiilmng %i'4!iie 
iiulicatioTis of siin*»rous vihsalions. Imi st aihln .nualiri %rry 
pretty acsnistic experitiieril to the Icit «4 aljratly 

kntnvn. 

In the eugravtiigate shown two ha lu’*, >4 app.ii atirs Intdi 
yield practically the twiiw’ rrsulis, In o«r .s ir-r-d *•, * l.iinprti 
in a vise at one end and provhlrd at Ihr »»fhri rnd wsih slip 
of \v«iod attached firmly hr’ a « rapping' of lioitMd. To ilic 
woollen siij» is ghied an fmlinari |»4j»ri pdl Ii 4% isig a 
diameter ot alsnit ^ inches and a drpih «4 | im h to i itii li. 
In the bottom of the liox is made a i im It tn i%hn h is 

securetl the end of a pa|wr i mrli in iliaiiirtrr and 

about i inch hmg. The cover of ihr bo% h pn .'4 wiiii 
a 3+ inch round hole, II the iiiatrrhil *4 tlir roi rr cicir’se 
anti thick, a larger h«»le is made aini oi^ef li i’"'* gliird a pircr 

..r £1^.... *l > t _ i « f « > J . s -.(I 
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111 ihr Ih!\ thus m >uu!r«l is |ilarf(i a strip t»f I 
pap«*t Itrnt iu!«» \ atul nnii-alisnrheiit 

Ik'ihI In imams «•! me lfcs! \\ as, parallui or suiiu'thi 
similar n.ituir. C hu* utul •*! thu hlnttim^;' papnr is mo 
witli In <tn>« bK't ii .u iii .iml tiu' utlirr with aitua ati 




iwimmiimi chlorult’ wltich form by the 


arid an* mt ittifiutr an t*» limit in the iiir like particles of 
smoke. 

Whrii the rmi h vibrateil, a minute vortex rin^^ is 
lormni at rarli exeyrsimi of the box and thrown off in the 
manner illn%tnitrtl. A reed having a low rate td vibratitm 
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[sav t»r IfS'' {HT sft'iHui r«-Jjtr*lr.|, ,i!i 4 fhr 4tlJ|illlHtlr* of 

vibrutiiMi must lu* snuiH. 

W'lit'U tlu‘ 1 h(\ is t** a fiujist** IIh" 4 « l}i»!i 

It is, «»l f«HU’sr, lirt'rss.u \ Im i * »Sil|»c'Sis 4 !r |« »r ||jt* 

box <jn (»uf lituti (Ih* ft»rk l») a i»it Itir i»ibrr. 

Iti tiu* SfCtinual \ tru is slitiu n a %:\ limliiral |m»\ % Mtisiiirr- 
ably hu'ijcr tfum tboso alrr.oly sb'st ribril. If is »lt%'i«Ir4 intu 
two cojupartmfuts by a lliiii rubbrs’ iltapIsKijim, 4 S!,i rl»«r4 
at the frontf with the e\t'e|*tum m| ,i iisi It isHtml 4|*ritufr. 
Blottiiij^ |»aj»er, rbarge*! u'ilh hi. is ,i« oi ami atit- 

inonia, is phieed ini wren the draulsi-i^in *;«*! llji* aprr- 
tured fnint , atui siittinls afr nt tri r«! m the slnnf tnlM’s hi'h. 

jectiij^ from tlte The \sl*Seiti»»n «»| il»e tli.i|i|ii*i},pn 

causes pulls ui air to issue tiom Ihr _j»s8i4ll aprsitiie ai the 
front of the earryiniJ the I'mnrH mI aniim miiiiit rldoriiir, 
which remler the vortex tani^H visibir, lltr s»»uiids utirird 
are itee{*ss;trily «d very low |»tleh. !i line i, dnaiiofis a?*’ t«Ki 
frequent in any of tlte foinss ol' ibis rxunnisml, the 
merge int«> eaeh i»thrr and the f'lho I is |»»si. In the* appar- 
atus, a mere flutter of the longue or lips good results. 

It is ohvicHiH that a Imrmng sul»sia««e rapablr of virhl. 


Irctter class «»f American cltarks. ''riirrr is. Iiowrvri, »i grr.it 
difference in these gongs and in llir in wliirii tliry are 
mtHinted, ami a cor res| wauling dilleirm r sii liir %oMi}iis lliry 
emit when struck. A gong »»| ynilorm irm|irr alt.if'linl to 
a stanclard of suitable weigh!, srtmtrly iastninl i»* a ‘rtniiid' 
ing board tif suthciefit si/.r ;uni limktsrss. h %Uir« 

Struck of producing a |■o^||po%itr %l!<.«j4glv rr%rtii» 

bling that of a very large, mtKirratrlv nni'iii'al liell. 

To avoid a harsh, clanging, inrl.illir ilir liaiiwncr 

used in ctinneetitin with a rallie»li*il LorfiLf i'* %%’ilii 
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a rnnipanittvriv snii striking' !;u"f, i-« insist ^rucnillv of 
a firm pine* nl suit- It-atlu-r. If mu* listfiis inttnitly to the 
Htmml of one nf thosr |4un|*s, he ’vilf be able with little dif- 
tienltv b» drttn t a lew of the m;my tones which form the 
very t'oinph's sound, lie* can readily disf in|4;uisii a very 
^rave, HulMhtetl jjMte, aKo a sound of hif^h pitch, atid a dis- 
cord, but not approximation to the number of soiurds pro- 




An hi Rifonimcci. 

duced by tlir can br made without a resonator which 
will select nut the different sounds in succcHsion. An in- 
Htniment of this kind h shown in the annexed engraving. 
It consists of an upright tidie closed at the botterm, open at 
the tiip, and fiiriiislied with a small lateral tube at the bot- 
tom for rccelvInK ii llrxible tcdre for conveying water. In 
the prifsrtit case I hr flexible tulie is connected with an 
ordinary tin pail having a lateral tulre at the bottom. The 



KM'KRIMI'M AI. ''i IKN* ! 
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upri^'ht tube* is clrvatinl ab«»\r liir Iri.rl i»I fhr l.ibir, sm stuit 
its lull IfUf^th luav be utiliA-tl a*^ a rrs*uuttui, I'lu'tafhe 
(Iral used in thiseK|teriinent uas.i siiiall i»nc\ luMut-d «»! 

a nul «>l steel nne-eij^hth iui U witle, luie-sixteentb iin b thiik, 
and about thirty inehes inieu'^tlu fornieil in a s|nialol al«»u! 
three turns, the tmter end liein|4 seemed to an ann |no. 
jeetin^ upwartl Irotu a heav\ nn*t.d eap restini^ tm tlir tup 
ol the resotialor. hhe hole in the lap is somewhat smaller 
than the nmuth o{ the remmatiu’. 

The |4;on^ heins^* sfruek at a point insir its fixed end hv a 
small soft rubber mallei, is set in vihiafion. As the stttkiiu,; is 
repeated at Iretjuent intervals, the pad t oiitainini,* the w ifei 
is raised, eausing; tin* water to fi->u tpiietU inf»< the rrsuiia 
tor. “ i lulnallv tiimintshint^ ! be length ol the eolnmn o! air 
eiMilaiiunl by the tube. When the lenrdb ot tite ait e»»hnmt 
is sui'h as to respoml ti> anv partieidar n»»le, that notr is 
re«eni«»reed so as to In'enme prominrnL In this manner 
one note alter amdher is broni^ld out, until the last ami 
hig’hest is hearth 

By lo\veriti|4‘ the pail aiul alh»wiii^ the water to nimn to 
it Irtun the n’sotuit«»r, the reamhut fd sounds will be luaul 
in reversed tu'der. As many as ei|t|it ttmes will lie hrat*l 
jirtinunently, while with more eare still tithei s w ill be In aid, 
tiius showing the complex elmratirr «.»! the sound protlmaal 
by the und showlni^ elearlv the reason of the har^ 

nionious and pleustni^ elfeet wddt'li has nrade ilirin so iioiiy- 
lar. 

By .skillfully using the immth as a rrstmalor, most i»l the 
tones may be separated tint so as to be readily distlti|rtiislirfl 
by the t>peratt»r, 

I.ANTKHN St.tllK ILLUSTKATlNt, StntM, WAVKh, 

In deiuonstrating the theory t>f soumi, it Is usual to illus. 
trate the condeusathmsaml rarefaetuuiHof air whicli proiiuce 
sound waves by light and tlurk bands, wbieir give itn idea of 
the contlition of the air at any instant in whieli it is trails, 
rnitting sonorous vibrations. But these bamls do not rep-rr. 
sent the progression of the sound waves. For an illustration 
of this, reference is often made Itj the concentric unduhttions 


I \ \ i I 


>IU»i IM rHniAnSJ. sc»r\{» WAVi'iS. 




pt’iHiiufil uti list- siirt.iir »it 4 !mll l«v .1 ju'bltlc tlnippi'cl 
in thr W4lrr. Hi!-. »lr|»riulH U>i its \.t!ur ujiun tlu* stiulcnt 
ipilli'rti liir null fMiHi { ilirUMllUnii <11 Ulul UjiiiU his 
ability f«* fr.dj/r flsai thvsv relate* oiilv to 

thr fratiur ,tH if w«iulil j»rrM*u( itst‘U in a see- 

liufi takraj 4 '•-14^41' m .uiv that uaiuld 



?4H4r l afti rwric W4VUS. 


intrr%rii' tlir *4'iiirr »4 tlir siihrre at which in hfcattal the 

Willi rr i»i wstifiil, 

Thr tiici'lt.iiiii;,!! *4i«lr ?th*»%vii ift Fi|C< »Mt when projected, 
is ta|i.tl4r til «iii I fir screen »i series td concentric 

rings «if liglit itinl rr|ifr!»rfttifig the condensations and 

rarrlactififis of a succty.^rioii «d sound waves, iind these waves, 
tegififiiiig ai the criiter, cotistaiilly enlarge in circumference 
until they tli»a|i|ic;4r al the periphery of the disk, This effect 
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I'Ai s( n \t i: -ai'!‘5:m<i\. 


is j)rtKluct'tl l)V nu'iuis ot t\vt> tiiiu nu't.il at'raus4r«l to 

revolve on tlie same axis, and eat h proviilrd u itli a sjdral 
slot cxU'ndiu}^; iruni center t«> {u'rij>lu‘r\ , the slut cd tnie tlisk 
beinijc oppositely arranged with respect to that of flu* other 
tlisk. One disk is secured tti a sleeve which fits «m a sttnl 
supportc'd by a- lived bar evtettdins^ across the opening of tin* 
slide, 'rheotheriliskturnsim the sleeve. The sleevtsuul the 
disk which turns upon it are each pnndtled with a small pul- 
ley. One ol these pullevs is slii4:htlv lari^'ct in diametc*r than 
tlie other, sti that when the lwf» tlisks are picjjccted and 
revolved rapully in the same ilire<*ti«m, one furuinf4:at a verv 
slightly increased speed iranses the* points ol intrrsecti»>n of 

Flu. 



lnlPttrfriiirf. 


the spiral slots to move outwardlv and tlius protliHc on the 
screen a series of light rings, winch increasoin diaiiietri like 
mill potid wavt‘s. d'o cans*' tlu* light rings .mt! intervening 
dark rings tt) hleiul into e ach {Jtliei’, the slide is thrown a 
lit! le out of f(u*us. 

'I'o show interfenmee of sountl waves twta images of the 
slide may he projected, one being superposed on the other 
as shown in I’*ig. J!4. This is easily alone hv arranging at a 
suitalalc uug'h? in front of the lantern atbjeaiive a Hcries of 
glass plates, such as are empluyetl in a glass plate polari/.rr, 
as in Fig. 25. A portion «»f the beam Is transmitted, forninig 
one image on the sereen, ami a portion is reflei ted upward 
and intercepted by a mirnm which thniws it n{>onthc‘ scr een, 
forming a second, whteh may be tirade to coimitle with the 
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tirst, or it may Ik* made to overlap the lirsl iiiuit^e so as to 
produee the itileiierem'e effect shown in 24. In this 
ease the centers or wave source's are separated more than 
the semi-diamet('rs of llie disks, tmd the iiiterfcriiijL^ waves 
approach eai'h otlier from op[>osite clirectioiis. In Fi^-. 26 

Fi.i. 25 . 


Afruiiyfiiu'iit liir I’mjfciing Twn htiajj^tis of the Slide, 

are shown, dia^j^rammaticaily, siqierposed wave disks with 
centers one w tvi' leuf^'th iipart. I'he waves’ “crests” coin- 
chle, and re.enlorcentent alon}^ a line joininj^ tlie two centers 
is the result. If the centers were a hrdf wave* hmsjftli ajiart, 


the “crests" wtujld alternatt*. and one set of waves would 
neutrali/e the other. 

In Fig*. 27 are shown diagrammatictdly two disks of dif- 
ferent sire produced by dividing the beam before it passes 
through the objective, {jrojecting the two [larts of the beam 
with obiectives {»f slightly difTerent power. In this case, 
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owiujjf' It) the tliifcrcnt't* in tht* si/i* ot thn iliskN, tlu* it'Kilixr 
vcltK'itii'S of the wave* rini4S (iifffi-, sn tliaf tlir uavt-s t»{ um* 
sorifs overtake tlu* waves ol the i»ther series at a, thus illus- 
trating' the plieuomenon ot ht’uts. 

'Phis apparatus also illustiates tluit the intenMtv<»l souiul 
is inversely sc[uare ot tlu* tiistaiu e itom tlie ear <il 

tlu* source of sound. It Is easily shown by aetual uieasute. 
nieiit on the .screen that the s<uintl at a certain distann* Ironi 
its source must have tour limes the inti-nsity it would haw 
at double the distance, since tin* same volume of siuuu! at 
twice the distanct* must la* spread out ovet lour tiiucH the 
area. 

riie effet't of rlilferetua* in pilih can be illust rate**! by 
using two lunt{*rns ami two slides nj slightly different cmc 
struetion, or two lanterns with ohjectivi’s of different mag 
nifyiug power, witfi sliiles of the same eoitstnuiioii, rtu*si* 
eoulcl be more easily manipulated than the tipparatus In 
which the light beam is divi«lt‘d in the same lantern. Again, 
the efh*et may be still fut thei yauetl by using a lightly t of. 
orc'd glass screen ovt*r tlu* slide in one or both lanterns, 
These may be of the same a dor, or of tlilfereiil tolors, 
chosen with a view of siunving more t learly the iuterler- 
cnee of the bands. 

It is obvious that thesanu* residts may iw seeurctl Ijv the 
use of dil’ferent afijiaralus; for example, in one side tif a ro- 
tating disk may be made a semicircular aperture over w liich 
is placed u disk with equidistant perforations near its prrT 
phery, and this perforated disk may be maile to rotate 
slowly on the rapitlly revolving disk by means of suitable 
worm gear curried liy the disk anti engagetl by a worm or 
screw at the center of the slide. 

THK .SriKNTlMC llsK t»t fHt: fllONt HiRArH. 

The phonograph in its perfn tetl slate, altfumgh a sden- 
tihc triumph aiul a model of mechanical ami electrical skill, 
is designed for ctunmercial and soctid purposes rather than 
purely scientific u.se. Htill, it has within itself all tlie ele- 
ment.s necessary for several very Interesting physical expert 
ments. These are obviously related to sound or vibratory 
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action, .some of tiicm boin^'- illustrative of the phenomena of 
tlu‘ phouo|.^raph itself. 

Mr. lulison in the multitude of his cares finds no time to 
develop the {lurelv scientilic applications of this most inter- 
esting invention. He has, tlierefore, dele^'ated this pleas- 
ant task to the' writer, who has given the subject considerable 
attention, and has devised a series of phonograjiliic experi- 
ments, some o( which are shown in the annexed engrav- 
ings. ‘rhe one given first seems best calculated to illustrate 
and explain the action of the phonograph. 

'fhe instrument shown contains all the recent improve- 
ments. The phonographic record is made on a hollow 
cylindt'r of wax-like material. This (Cylinder is fitted 
to a eone inount(‘d on the screw shaft, turning on two 
pointed bearings, one of which is fixed, the other being 
.supported by ti .swinging arm, seen at the right hand end of 
the machine in tin* engi'aving. This construction permits 
of placing the record cylinders on the cone and removing 
them ipiiekly and without the. necessity of making any ad- 
justments. ‘riie screw shaft is provided with a loose central 
bearing, which holds it up when the entl bearing is swung 
around. 

On a fixed rod arranged parallel with and behind the 
screw shaft is placed a sleeve which carries at one end a 
spring arm provided with a segment of a nut, which rests 
upon the threaded jHirtion of the screw shaft. To the other 
entl t»f the sleeve is attached a curved arm, which reaches 
over the record cylinder and .supports the diaiihragm cell 
The latter is fitted to a socket in the arm, and is arranged 
so that it can be turned in its own plane through a few de- 
grees to bring the. recording and reproducing styluses into 
the |K>sition of use. An arm projecting from one side of the 
diaphragm cell is luscd to effect this change of position, and 
an adjusting screw, located above the arm, is used for 
securing a fine adjustment of the reproducing stylus. The 
enlarged sectional view, Fig. 29, shows the diaphragm cell 
and parts connected therewith, actual size. 

The diaphragm is a glass disk about 1-200 inch in thick- 
ness. This is clamped at the edge between two thin 
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soft rubhcr riu-s. To llio miU-r oHIk- < lU.|>hm:4Ui i- con 
IK-Ctwl a stud, to wliicli is luvulcd one ciul ot tin' I.m-i, 
The opposite fiul of tlic lever is lorked. One arm ,.| ll,e 
fork carries the reproduciiiK stvins, /«, ami the other r ana s 
the recording stylus, r. These styluses tire made ol sa|. 


PhQnograph“”Latesi Form, whh V’iliratsMg FUme Aiutl«t»riii 

phire, a iiKitcrial which ranks next to the cliariioful in the 
scale of hardness. The reproducinf^ stylus k a niicroHeopii: 
sphere or knob, perfectly snujoth and hif^hlv poUsliecl. The 
recording styles is cip>-shaped upon the ciicl which cuts 
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tin* •Ti'iiitl « \ Hude i’, anti is provitlfd witli u very kt't-n 
t*d_m\ 

I ht* U \rr, «,?, is ;ii nr ufur its (XMitcr iu a stud 

pn tjt'ijijj*; l!»»in tin’ u fi|i;!it(’{l lt‘vcr, ^4 wliifh is dcliaitcl y 
idnj 4 « d ls» thr uppi-r part nf tlin diaphnifjini cell, its lower 
end lirinj^^ Iren t«> move witliiii certain limits. This con- 
stnu rion permits the rta'ordiiij^ and rcpmdvirinfj^ styluses to 
f»j|h»\v the sutiaia* ol the cylinder whetluT it, is })erfeetly 
true or m»t. It also alhovs the ree<irdin|f and rcoroducinf^ 

f ii., 



npparatuH to adapt itself automatically to cylinders of dif- 
ferent di, miner. 

It %\iil be seen that the lever, n, is one of the Itrst order, 
tt ifh a iiiin.ihlt* fulcrmii, and that whenever the free end of 
the Irvn Is m A’cd upward by the projeeti<m.s c)f the record 
cvltiidrr, it tends to lift tlie weij^litcil lever, but owinf^ to 
the itirrfla of thin weif^lited lever, it is unable to follow all 
the uiovefueuts of the lever, As a consequence the nio- 
tiiiiis of the bitter in the reproduction of s|»eech are imparted 
to the tli.iphragni. In making' a record, the reverse of this 
oc’t'urH, #. I*., the rapid motions of the diaiiliragm are im- 
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parted to the reproducing stylus, which cuts in the record 
cylinder a groove with depressions and elevations, which 
taken together correspond in form to the sinusoidal curve 
which would represent the sound waves by which the 
vibratory movements of the recording mechanism were 
produced. 

The arm carrying the diaphragm cell also supports an 
adjustable turning tool of sapphire, which is arranged to 
‘turn off the cylinder simultaneously with the production of 
the record. This tool is arranged to automatically dis- 
engage itself from the cylinder when the reproducing ap- 
paratus is thrown in place. 

The phonograph cylinder is rotated by a very perfect 
electric motor, regulated by a sensitive governor. To the 
perfect regularity of the motion of this motor much of the 
success of the phonograph is due, especially in the repro- 
duction of music, where the slightest acceleration or retard- 
ation would reveal itself in changes of both pitch and time. 

By applying to the phonograph two very simple attach- 
ments, the vibrating flames of Koenig may be produced by 
the movements of the diaphragm, so that the character of 
the phonographic record may be readily understood. One 
of these attachments consists of two glass tubes inserted in 
a perforated cork, one of the tubes terminating in a slender 
nozzle, the other being connected with a gas supply by a 
flexible rubber tube. The perforated cork is inserted in the 
opening of the mouthpiece, so that gas may flow into the 
diaphragm cell, and out through the small nozzle, at the 
point of which it is ignited, forming a long narrow flame. 
In front of the nozzle is arranged a screen of sufficient height 
and width to hide the flame. 

The other attachment consists of a prism carrying on 
each of its four sides a plane mirror and mounted on a 
spindle having upon its lower end a friction wheel, which 
is revolved by contact with the boss of the pulley on the 
main shaft of the electric motor. The spindle of the mirror 
is journaled in a sleeve supported by an arm connected 
with the pointed rod forming the upper bearing of the 
motor shaft. 
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phr’iiijiit iiiitwardiy, thus fiircing g'UH outward, acceler» 
it% tl nv tliriiui^h th« thprrl>y t'long'ating' the 

flauii% wldlr rvvry dr^rrsHicjn of the rectircl allows the dia- 
|*tiKtgiii to iwn-e itnvard by its «nvn elasticity, thus drawiu|^ 
flic* gas inwardly, effertinu' a retardation of the flow of gas 
tliroiigh the !to»le, thus musing a sinking {)f the flame. 
Tlirsr changei in the length t»f the flame take place witit 
such rapiditv that ii«» change in the character of the flame 
h cibsrrvalilr witli the unaided eye, unless tins eyes are 
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quickl}’ turned from side to side, when the vibratory nature 
of the flame will appear; but no satisfactory analysis of the 
flames can be made in this way. They must be viewed in 
the revolving mirror to determine their true form and the 
relaxation of the crests and hollows of the flame waves. 
These flames represent, in a greatly exaggerated form, the 
shape of the projections and depressions of the phono- 
graphic record. Every vowel produces a characteristic 
series of waves or flames, the images of which are spread 
out by reflection , from the revolving mirror. Musical 
sounds from different instruments yield flames differing 
from those formed by vocal sounds. A song produces a 
rapid succession of flame images, which constantly vary in 
form and size. 

As an aid to the understanding of the phonographic 
record and the action of the phonograph, nothing can excel 
this simple device. 

Among the different motors applied to the phonograph, 
the water motor and the electric motor seem preferable for 
scientific use. 

The electric motor is represented in Fig. 30, removed 
from the case, a part of the plate by which it is supported 
being broken away to show the commutator. The field 
magnet. A, is formed with four polar extremities alternating 
as to polarity, and the armature consists of a ring, B, of the 
Pacinotti type, with a laminated core. The armature shaft 
is journaled at the bottom in a step formed in the yoke of 
the field magnet, and at the top on a point, C, supported by 
an arm projecting upward from the base plate of the instru- 
ment, The ring and the commutator are divided into 
twenty-four sections, the connections of which are arranged 
to produce four poles in the armature. The commutator 
brushes are held 90° apart by a curved vulcanite bar, D, 
supported by an adjustable arm. The motor is shunt- 
wound, and adapted to a two-ampere current having a pres- 
sure of two volts. It may be operated by a primary or a. 
secondary battery ; the latter is preferred for use in places 
affording facilities for recharging, although the primary 
battery furnished with the instrument is easily mounted, and 
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IwiHris fiUHiJilrd flit* vrrn’i'al Irarut* i4 tht* |jovt?nK>r, in wliich 
in jiniriuilril a %|iin(ilr, h*tviii|c iH'ar itn lnwt*r fxtrtnnity a 
pnllry l»>r rr«.'ri% iiiij thr brlt fr»»in tht* jnjllcyv, 1% <»« tint uk)- 
tc»r sliaft. ‘fii till! u|i|frr parr, aiul «»fj nppjiMta .Httlf.s t)f thn 
iirt* <^«*riii'rrl ?i|»rin|»;s whi*;h t’xtfml tlnwnward, 
Tlirir hnvcr rink itrv wrnml to ihc^ flatjg'tjfl Hk*evtt, a. To 
Hit* Iron fntmr itl tlir i^ovrrnof ih j^rtnirrtl u brunh, fi, whicii 
Ix'iirs taiiilinnailv tm thr s,lrt’vr. n. l*he rt’ifuhttinif device. 


m arr.ni^rd ii arm which i% made to 
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When the* }lauj 4 't* tni t)u‘ sln-vr. a, tma hrs ihr hi i'sh, r, 
the entire currt’nJ (»i iht' haliers II.ju*. unii!i|H-«ir«l thnnti^h 
the motor, hut wluni flu* sjioenl «<! tlir iim viutn ionrasos iu 

the sli^litest clt*j 4 ‘rt‘e, the halls an* tIoMun Mufuanl h\ tear 
trifug'til force, thus houiu^ the s|*!i!s‘ 4 s uutwatflli and lilt., 
ing* the flang'ed sleeve, ti, trtun tlie brush. , . t ausiug the* cur- 
retit to How thnmgh a small resistanee arraugnl tiuelerueath 
tlie base of thci'.g’oveniot , thus flimiuishiiu,: the eiiMeiit, t sm. 
secjuently j>reventijig any itn reuse jut siirc d in tin' 

Usually this sensitive gt»ve! Her kc-rj**. up an ifue s .anl shiu. 
iitg* o( ,tlte currejit, giving tin* .u nialure a mu « c-h'.imu m! httir 
impulses whose aggieg.ife ami average elhu t is maintain 
an ahiurst ahst»lute rotation of the govcmnoi ami pliumu 
graph cylinder c onnected fhetc'uith 

With a uiotcjr ha\ini 4 ' a goveinoi nt this « liara« fei it a 
matter cd little camsetpresm »* uhethrr the hatirsc n-^.rtil c, 
constant, prenided it has a stnpbrn ot ponri. To utih/r flu* 
{dionograp'h h»rthe purpose ot mea-atsing iUliftrtii inieivals 
of time, it is nt>t onlv uec'essaiA to pj«»vide means for e«nr 
trolling the velocity of tin* recotd c %limlrr, hut aUfi f». have 
a ready means of standarrfi/ing fhr pliMu.igr.iph. ami t hrck» 
ing its motion at evrs’v fcnolttlton. <*i ,if Ira^^f Is et|tirj}iiv. 
and meatis fesr prtsdmatsg tinprrsM»»ns at it»ismfr issferval--! for 
cotnparison with the reeords !.» hr measuiril. 

Alt these results are sc'etired hv the app.iialu’* Isgtirn! in 
Figa 35 and 34* h'ig- 3'* sisou llse grunal auasignnrnt 
of the phonograph, ami Fig. JJ is a plas* %'irw. •duovjsjg iftr 
circuit closer «»f the pluniogtapitie i UnuIri, 1st ilie hack’ 
ground of Fig. isshoun a pefidisiusu Iir.ifsiig srcoiuh*, and 
provided at the with a ntn'i iisiai i oniari loi - 1 losing 

the circuit every tiinr the pemfuliou sumgs. Ihr 
grapii cylintlt*r is surroundetf In a xnleamir i tug. a, at its 
larger end, whieli t'arrirs a mriallu l»,ir .isi.itigrd par.ilirl 
with the aifis of the triindes. T«o "^pnsigs, c . /m 

arratigetl t«» press upon the uiig, -a. air %ei nml i«» ilic pinnjo. 
graph frame, but insulated ihrs-iiMm. spiisig% ate 

iti parallel cinnil with the prisdiiliim, aii»i im its*' i -lesidin lor 
leatling from the pemhdisin an*! ihr spiiisg’i to lisr /mr psilr 
€if the hatterv is inserictl a Iw’IS,. - A k*'i , ./, t*» am m a 
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jrallrl uitli tlu* t'ircuifs iij thf ju-tuiuluni .itul 

tal thrt iiiUit nuiv be i'ImmhI ujnm tin* ktib 

rc. 


by tlic iitjofliiltiro, tlic trircwit springs on the phtmtv 

graphic cyilntlcr, «r thr key, anci tlmw tnay lie made to act 
it!iiuitaiit:ii«s!y tir at cliflrrent tliiies. As the phonograph 
cjliriilrr rrviih^es oniinarily at the rate of two revolutions 
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per second, thus closin';- llu- circuit tlic l.t II twice c.u-^ 
second, und us (ht‘ piMiduluiu (hi* iiituif luu* 

second, it. is lu'ci'ssurv to c.tU'"'C thc‘->c t«i« cunt.u !>« pt't 
ducc but a sin^’le stroke upon the beti. It, .it ev e s \ altci lui t <.» 
revolution of the plionoLTiaph c\liu»lrr. the ciieiiit ju 
loscd simultaneously bv tlic spriu--*. e. /• . atn! the pru(li,„ 
luni, and the i)hono^;-r;ipli cvbntlci tulKbebimi m ijaius ups »n 
tlie penduluin, it will be iudicatcnl bv a «h«itblr sljuke «it tl^t* 
bell. I^erfect synchronism can be secure*! In rrt*ulatiiu; t U c* 
[ihono^'raph g-overnor. 

Between the bell, r, and the iiiaphiai;m lell m! tin- phout 
grajth is suspended 4'i (uniud, lo alhnv the aim of tlict 
phonog'ra[)h to move freely, it is connei teal with tin* ph«»!ic>- 
g-raph cell by a flexible tulie. In bout «»1 tin* tunnel, and nt 
the side of the bell, r, is urran|;ed a pair of whistles tunnl jsc > 
as to g-ive beats to, 50, or too to the setmul, so that u hHcjt 
the bell records the half second, the beats of the uliiMie will 
make im{)re.ssions npiin the cvlimier iepresenti!!|4; fenthn* 
fiftieths or lumdredtlisof n secotul. To prevent a piolongt»tl 
sound from tlie bell, it is damped bv strrtvinng over it ji 
ruliber band. 

Personal ecpiation is deteinniu’d bv nmaieod a k«n whit*lj 
closes tlie circuit ou the belf independeiitlv »»l ibr plioiit 
graph or pendulum, aud any of the \ arums known iijrihuc Ih 
of determining jier.sonal equation itiav be atlapird to tlic* 
phonograph. By enqdoying visifile si^tnah, ilir vi-mai pt*t”- 
ceptiem may be tested. In a sinular %va\, by iiiraie* *4 aittli- 
blc signals, the activity of the audifon.’ apparalier. t-iav I >«•* 
ascertained. By suitalile appliarurrs the seir-.t* «i| ti»itr!i t/vtit 
also be tested. Other measurmnent'^ tiiav br iiuidr bv 
{)f a bell or other equivalent device drtartird 1 1 0111 tlic- 
phonograph and connectetl with the ap|iaralii% bv wliiilitljc* 
circuit is controlled, as, for evaiiiplc', ihr |»ral!!ii; ii'icil lit 
testing the velocity ol a bullet. 

It is ol'iviou.s lluit for \'erv hi!4h s|irrds, a** tsi tls** «, .i**e » »f 
a bullet, it is necessary to havs* t%\*» diiiereisi m.ii'iwf’* i**t' 
making the record, one for the start and llir t.ilirr l-r tl.*' 
stop, so that if a bell w-ereiiseil tlu’re iv»»ij|i| l»i* 1 1*, i» *"»» 

two armatures, and two bell haiiiiiirr^*. It 1*1 » ♦! li I'l 1 1 4 « , t 
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most, if not all, of the measurements possible with the ordi- 
nary chronograph may be carried on in connection with the 
phonograph. The record can 
be easily read so as to inter- 
pret the measurement, by turn- 
ing the phonograph cylinder 
very slowly. In case of very 
high velocities, it is, of course, 
necessary to run the phono- 
graph as rapidly as possible, 
and to provide a pair of whis- ^ ^ 

ties of higher pitch, so that . 

1 T •t>i 1 1 •! 1 Oircuit Closer. 

the sounds will be perceptible 

when the speed of the phonograph cylinder is reduced tor 
the purpose of reading the record. 

One of the uses to which the phonograph is peculiarly 


V I 

Circuit Closer. 


.adapted is measuring the velocity of sound. From the nature 
-of the instrument it is necessary that the sound be propagated 


Whistles for Producing Beats. 



in a continccl space, and that, this space bc|i;'in and end at tha 
mouth piece of the phono^rapli, to allow <>1 niakin| 4 ‘ two dis- 
tinct records on the wax cvlimler, one td the sound as it is 
made directly in the mouth piece, the other t»{ the same stmnd 
after it has traveled tliroug'li the tula* ami returned t«» the 
mouth piece. 

The accessories for this experiment are few and simple. 
The funnel, or auxiliary mouth piei'c, is in this case cemnected 


Meusuring the VeUirhy ttf Stiuml l>y Uip Photiugriiptt. 

with the phonograph mouth piece by a flexible tuk% Fig..!S, 
and the funnel is suspended so as tt) cause it to maintain it 
fixed position, while the phonograph mouth piece and 
recording stylus traverse the record cylinder. 

A forked tube, terminating itt the flaring mouth piece, is 
cemnected by one of its branches with a long tube which ex» 
tends away from the phonograph and, returning |»iiraltel with 
itself, enters the suspended futinel. The other branch t»f the 
ft)rkcd tube t)pens directly intt) the funnel. The long tuht? 
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mouth piece is placed a bell, which is ihimped st) as tn pHi- 
ducc only a momentary sound. 

The phonograph is set in operation in the usual way, with 
the record cylinder revolving at a spt'ed of say tw«j ri'vohi 
tions per second. Now if a st)und of suiriciently short «hoa 
tion is produced by the bell, the two records nuule, tme hv 
the sound entering' directly into the phonograi»li mouth piet r, 
the other by the sound traveling’ through tiie long pipe br!(»re 
reaching the mouth piece, will be distnuT ami sepat able ««ii 
reproducing the record with the cyliiuler revoking at a 
slower speed, say sixty revolutions per minute. I he inter v.d 
between the records may be accurately measuretl in the 
manner previously described. 

In this way, knowing the lengtli of the ttd)e, tiie veltu'il v 
of the sound in the tube is readily aseertainetl. A tulie htty 
feet long will show an interval bet ween the reeojtls ni «»ue 
twenty-third of a second wiien the i>lionograph i'\ limler 
makes twcj revolutions per second, 'riiis is an apptt t i,t!*le 
interval, but when the speed of the cylinder is reduerd our 
half, the record shows double the interval. ’I’lie intfival 
may, of course, be increased by lengthening the tube, ant! ii 
may be made more apparent by iuereasing the speetl ml thr 
phonograph cylinder while recording, and great Iv retlueiug 
the speed while reprodueing the reetu'd. 

'I'lie well known experiment in whieh tiie inteilereuce t>i 
sound waves produces silence may be readily adaptmi to the 
phonograph. The double tube is eoimectetl by one end wifh 
the phonograph moutli {lieee, ami by the other witli an ear 
piece. A record of a continuous musical imle being in plac e 
on the phonograph, and adjusted so as to give a t ttutiuued 
sound, the length of the adjustable tube is im'r(*;med nut it 
the waves in that bninch travel through lutlf a wave leuglb 
more than those in the other brunch. Under these mmlitimiH 
the waves from the two brunches, meeting in opposite phase-, 
in the car tube, ncutrali/,e (‘ueh other, atul silem e, or a c lusr” 
approximation to it, is the result. 

In Fig.36 is shown a simple device, by means t»f which the 
conductivity of gases for souml may be tested. A flrviblr 
gaslight tube is connected by one end with the pbout »graplii* 



Testing the Conductivity of Gases. 


with perceptible diminution. When hydrogen is substituted 
for the air, the sound is diminished so as to be scarcely au- 
dible. Other gases produce different results. 

Man}’- of the experiments in sound commonly performed 
by the vocal organs, in connection with some mechanical de- 
vice, may be carried on to advantage by the aid of the pho- 
nograph. When the mouth is used it is difficult to secure 
continuous or variable sounds without producing puffs of air, 
which are fatal to the experiment, whereas in the case of the 
phonograph these puffs are absent. Take for example the 


‘diaphragm cell, while the opposite end of the tube is attached 
to an ear piece consisting of a diaphragm cell provided with 
a very thin rubber diaphragm. In the side of the flexible 
tube, at opposite ends, are inserted smaller rubber tubes for 
'■changing the gas in the flexible tube. Each of the small tubes 
is provided with a pinch cock for shutting off the gas- in the 
larger tube. 

When the tube is filled with air the sound is conveyed 


Fig. 36. 
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beautiful experiment of the vibratinjif soap liliu. It is almost 
impossible to produce continued vibrations by means of the 
vocal org’ans ; but it is a simple matter to secure uniform re- 
sults Avhen the vibrations are produced by the phonograph. 

To carry out this experiment in connection with the 
phonograph, it is necessary to first produce a record of the 
required sounds. A tliistle tube, made in the form shown 
in Fig. 37» is used for holding tlie soap him. A beam of sun- 


Ftu. 37. 



Projection of Vlbrailnji 
B«mp Film. 


Fui. 38. 



Thr Opeidoscope Applied to 
the Phunograph. 


light, or a parallel beam from an optical lantern, is thrown 
upon the him, and the reflected beam Is passed through a 
lens of 6 or 8 inch focu.s, and received upon a white screen. 
As the phonogniph imparts vibrations to the air in the thistle 
tube the soap film is vibrated, and gorgeous color eflects in 
various figures are seen iqKm the screen. 

A similar experiment is illustrated by Fig. 38. This is a 
modiheation of the ojieidoscope. A thin membrane t)f gold- 
beater’s skin or rubber is .stretched over a wooden or metallic 
cell and secured by a winding of thread. To the center of 
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the membrane is cemented a small thin mirror. The light is 
received and reflected, as in the other case. When the mem- 
brane is vibrated, intricate bright figures appear on the 
screen, the figures varying with the character of the vibration. 


AN INTERESTING EXPERIMENT. 

An amusing trick can be performed with the aid of two 
wine glasses and a visiting card. Take two claret glasses 

Fig. 3g. 



Gravitation of Liquids. 

of the same size, and fill one with claret quite to the brim 
and the other with water. Cover the glass containing the 
water with the card, invert it and place it upon the other 
glass, as shown in Fig. 39. After the edges of the two glasses 


SURKAt'K THNSION. 




have been brought opposite one anotiier, tiie can! is slipptai 
carefully to one side so as to ojhui a small ctjuununicatioii be- 
tween the two |:(lasses ; this done, there immediately’ bei»ius 
an exchaiii^c of the lupuds, and it is observed that the eiat’c*t 
is liowin^^ in a gentle stream into tlie upper i^lass, the water 
descending through the small (jpeninjx and displacing the 
claret. The claret soon beg;ins to spread out in an even 
body over the water csintained in the ujtper glass. I'his 
process continues until tliere is a complete interehangr of 
the two licjuids. Of course, the eKjdanatinn is snnplr 
enough. The water, being a heavier liquid than the clarri, 
.sinks into the lower glass, ami the chiret is liircetl up t»» till 
the displacement of the water. It Hows in a steaih . t leai 
cut stream, and the elTect as it rises through the water i-" 
very line'. 

It is remarkable that in this esperirnent there 
servahle intennixUirt' of the litpiids. 'Die wafi*! t nntanird 
in the lower glass alter the experiment is ipiitc* t h-.n ansi 
tnmsjiarent. It is td.so curious that the water in the npj»ef 
ghuss pa.s.ses the space between the rims of tin' glassrs. and 
enters the lower glass without any leakage whatever. rin*». 
however, is fully explained by the surhua* tension exi'-.tmg 
on the licpiid at this poitit. 

‘I'lie curd u.sed in this experiment is about the thicknrsH 
of an ordinary postal curd. The expt't imc'ut is ea^th pn 
formed, and is worth trying. The upjier glass containing 
the water may he lifted uitd curried ulnmt while the t aid c* 
altaclied, witlioul holding it on with the hand, thus illuv- 
tratiug in u well known way the effect ot atniospheiic incs* 
sure. 

srUFACl-; TKNSION,* 

1 tie existence of surface tetision is shown by tlir foliow - 
iiig simple experiments: (t) ‘ITv't* round pencils, inadr of 
light wood, and not more than inch in diameter, are pla. rd 
in cofittict one on the other in a hort/ontal positton. t*la *• 
between the two pencils sevt'ral drops of pure watrr. so 11*41 
all of the line of contact is well moistened. In a litilc iniir. 
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a quantity of water will adhere to both peiidls. which will 
take a concave, curved shape, a cross section td wlut'h is 
shown in b'i^. 40. The lower j)c‘ncil, in consequence «>f the 
tension of tlic concave surfaces, a and A, on opposite sitles of 
the line of contact, will be suspended ironi the otljer pencil. 
The atlhesion is stronj^ enou^di to atlmit of moving tiu’ pen. 
cils about. (2) Clean a copper rinij^ made of wire alniut 5,ig 
inch in diameter and havin^jc a diameter of 2 or 3 itiches. 
Lay the rin^^^ carefully upon tlie surface (d vc-rv pure 

Fl«:. 40. 
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water, contained in a well-washed glass vessel, as shown in 
Fig. 41. The ring will float in spite of its SjU'ctfic weight 
Needles, quicksilver globules, thiti rings td platinum, etc,, 
may also be made to float upon the water, (j) Taken sheet 
of light but not glossy paper, about 5 orb inches Icmg and 3 
inchCvS broad, and turn down upon all four sitles a margin 
about I inch broad. Tl 

box I inch high, as shown in Fig. 42. Place the box upon a 
table, and moisten bv means of a brush all the inner sur^ 
face, then pour water in to a tlepth of I inch. The tension of 
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j ter of I inch and a length of | inch, and in the middle of one 

I end of the cork insert a fine iron wire, from 2 to 2^ inches 

in length, provided with a hook, on which is placed a little 
basket to receive the ballast. Upon the other end of the 
cork is fastened a frame, which consists of a fine iron wire 
i ling 3 inches in diameter, and two pieces of the same wire 

; are inserted in the cork so as to support the ring perpendicii- 

I lar to the axis of the cork and concentric with it. Plunge 

: this little instrument in water contained in a vessel of suffici- 

■ent depth. If the weight in the vessel is suitable, the cork 
will be held in a vertical position, and only project a short 
( distance above the surface of the water. If the whole appa 

ratus be pressed down vertically in the water until the ring 
is submerged, as shown in Fig. 43, the ring will not leave the 
water, being held by the surface tension of the water, but 
*' will rise a little above the water level, and the water will 

take the form of a concave meniscus. To liberate the ring 
so that it will rise up out of the water apparently by a free 
impulse, and allow the system to regain its first position of 
equilibrium, let fall a drop of ether upon the water. This 
. will decrease the surface tension, when the buoyancy of the 

. cork will lift the ring above the water. (5') Dissolve 

ounces of Castile soap and i:J ounces of crystalline sugar in 
a quart of water. In this plunge a square bent from small 
^ slender iron wire, and draw it out again. It will be filled 

‘ with a thin film of the liquid. Lay upon this film a loop of 

silk thread, as shown in Fig. 44. It will form an irregular 
; outline. If the film be perforated within the silk loop, the 

I thread will suddenly form a complete circle. 

/’ INTERESTING OPTICAL II.LUSIONS. 

Human visual apparatus has certain qualities which cannot 
be classed among defects, although under certain conditions 
they prevent seeing things as they really are. To persistence 
'' of vision, or the property of the retinal nerves by which an 

image is retained after the object by which it was formed 
has disappeared, are due the phenomena here described and 
illustrated. 
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A short time since the writer, in search of new (»pticul 
illusions wherewith to atnuse if not to instruct a little com- 
pany of scientific persons, found in tiu* store of I lie well- 
known optician, Mr. 1'. 11. .Mc.Vllister, «>t this city, an in. 
st riunent known as the anorthoscope, wliich was importecl 
by lurn about thirty years a^o, Althuu|^ii it was a novelty 

then, and i>robablv well kruuvn 
Ion. .15. , V • ■ f 

to tnany, it is tujw rare. In 

fact, perhaps not one in the 

two or three hundred who 

have seen it had ever even 

heard tif it. 

Phe anorthoscope slnnvn 
in Fi^. 45 is a inodihetl form of 
the instrument above referred 
to, and i.s atlapted to experi- 
ments other than those belong- 
ing; tt) the orig:inal apparatus. 
This in.strument has a stand- 
ard provitletl with a sleeve 
u[>on which is pivoted a mov. 
able arm. In the upper end 
of the standard and free end 
of the mtjvable arm are in- 
serted studs upon whteli are 
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Hctwt'fii thr aiHars upun the slct'vt* tlrivcn by the crossed 
belt is jihu'ed a bluek disk luiviujtif four t‘<[uidistunt nidial 
slots, and upon the other .sle<‘ve is* secured a translucent cli«k 
l)carin|^ an auanuirphosed tlesi^u which, viewed separately 
from the iustruiueut, bears little resemblance to the object 
it is iutemled tt> represent, but when rev<»lved in the anor- 


Fia. 4tj. Fit., 47. 



SloUPtl Dhk. A t’rtMtuffts B. 


tho.scope and viewed throu^^h the slots of the black disk, the 
enormous distortion is corrected and tive correct inuif^esare 
seen. This number of imag'es is accounted for by the four 
revolutions in one direction of the disk carrvink^ the clesi^^n 
and the sin^^le revolution of the disk with radial slots in op- 
posite direction, ^iviu^c five views (»f the same object for 
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and in Fi^. 49 the distorted flowers, E, produce the wreath, 
F. The distorted is seen only in narrow successive 

sections, which by the retaiiiiiif^ ptjwer ol the retinal nerves 
are blended into an iinag'C which is slujrtened in the direc- 
tion t)f rotation to one-lUth its real dimensions, while it is 
multiplied live limes. 

'Phcrc are two methods of laying* out the desif^ns for this 
instrument, both based upon the development t>f theorig’iual 
picture in a subdivided rectang^le. It is obvious that it a 
subdivided sejuare can be produced in the amuthoscope 
from a distorted representation of it, any ii|^ure that can be 
inscribed in such a sciuare can also be produced in the same 
way. In Fig;. 50 is illustrated a method of layings out a reef.. 
ang;ular {(araUelogram, A, divided into thirty-twt) etpud 
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K [’rorhic'r*! F. 


squares, alternate scjuares of the up[>er two rows being; 
shaded. 

'fo Uiy out the lig'ure, from the center, C*. strike a circle 
bounding* the periphery of the disk, draw a diametrical line, 
and at any convenient tlistance from the periplieral line lay 
out the rectangular parallelogram, as showji. Fsoin the 
center, C, describe an arc, tiuiching the outer angles of the 
parallelogram, A ; locate a new center, I), below C\onthe 
diametrical line, a distance equal to the versed sine »d tliis 
arc. From this center describe circles tangent to the hon 
i'ontul lines of tlie subdivided rectangular paralleh»gram. 
I.ay off on the central circle spaces five times greater than 
and eepud in number to the longitudinal diviHioiiH of the 
parallelogram. From a point at the intersection of the dia^ 
metrical line with the middle circle of the set thus tlravifn, 



Fig, 51- 



K X P E RI M E XTAL SC I EN C E-— A I* I' EN I ) t X , 


238 

These lines radiating from the point, r?, and the eccentric 
series of concentric circles bound spaces which aj^pear as 
squares in the aiiorthoscope. The lines radiating from the 
point, a, must be increased five times in thickness to secure 
a line of normal width in the instrument. The spaces in tlie 
distorted figure representing the shaded squares are filled 
up st)lid with black, the whole forming the figure B, which, 
viewed in the anorthosoope, appears as at A. Any figure 
drawn on the subdivided parallelogram and projected on the 
"distorted figure, B, would appear normal in the instrument. 


Fm. 52. 



Rotary Disk for thtj Laniern. 


When accuracy is immaterial, the figure may be devel- 
oped on circular lines, as shown in Fig. 51, the htiri^ontal 
spaces of the square, A, being developetl on the circular 
lines by radial lines which intersect the middle circular line 
at equidistant points separated by spaces, each having five 
times the width of one of the smaller squares. The distorted 
figure, B, viewed in the anorthoscope, appears very nearly 
like the outline drawing of the flower in the square, A. In 
this diagram everything is drawn with reference to the cen- 
ter, C, 

Recently the writer has adapted these experiments to the 
lantern. The distorted pictures, which are drawn on curd- 
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board disks about thirty inches in diameter, are placed on a 
large rotator about twenty-tive feet from tlic lantern, and in 
tlic lantern slide holder is placed the rotary disk shown in 
Fig. 52. This disk, which is provided with four narrow 
radial slots, is mounted on a small stud projecting from a 
plate of glass held by the frame of the apparatus. The slots 
are extended as nearly as possible to the center of the disk, 
and the segments of the di.sk arc strengthened by triangu- 
lar braces. 

To avoid using a belt, the disk is driven from its peri- 
phery by rubber frictional gearing, as shown. A lantern 
objective of low power is used and the slots arc sharply 
focused on the large disk. The disks are arranged with 


their axes in line, and when the revolutions of the smaller 
ami larger disks arc as one to four, and in ojiposite direc- 
tions, the effects abtjve described are produced on a scale 
milBcicntly extended to be seen by a large number of spec- 
tators, In this experiment the axes of the disks must be in 
line. 

By substituting the disk shown in Fig. 53 for the anor- 
thcjscope disk some very curious effects may be produced. 
When the axes of the disks are in line, the radial bands will 
be apparently multiplied or reduced in number according ttj 
the relative speeds and the direction of rotation of the di.sks. 
Whem the radially slotted disk in the lantern is arranged 
eccentrically with reference to the large disk having radial 
bands, the effect shown in Fig. 54 is produced when both 
disks are rotated in the same direction, and when they are 
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Curious Elects of Rotating Diflks with Radial Bands, 
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rotated in opposite directions the effect is as shown in Fig. 
55, These forms may be greatly modified by moving the 
slotted disk in the lantern across the field. 

These curious effects are due to the crossing of the white 
radial bands by the bands of light from the lantern and the 
retention of the images of these spots of light throughout 
■ their entire course, thus giving the appearance of curved 
bands. 

By substituting a disk with radial bands for the anortho- 
scope disk in the instrument shown in Fig. 45, and swinging 
the movable arm of the instrument over, so as to arrange 
the disks eccentrically with reference to each other, the 
effects last described may be viewed without the use of a 
lantern. 

OPTICAL ILLUSIONS ADAPTED TO THE LANTERN. 

An interesting illusion produced by three coins — prefer- 
ably silver dollars — consists in placing the pieces in a row 
and removing the center' one from between the others at 
riglit angles to the line upon which they were all originally 
arranged until the distance between the moved coin and 
either of the others is adjudged to be equal to the combined 
diameters of the three coins, then measuring the distance. 
It is found almost without exception that the operator fails 
to move the coin far enough by its own diameter, or more. 
This simple experiment when shown in the lantern is much 
more effective than when viewed directly. To adapt it to 
lantern use, a spring slide holder like that shown in Fig. 56 
is fitted to the lantern front, and beneath the springs are 
placed two plates of thin glass. Upon the inner glass near 
the upper part of its exposed surface are cemented two 
disks of paper five-sixteenths inch in diameter and separated 
a distance equal to the diameter of one of the disks. On the 
inner surface of the second glass plate is cemented a 
third disk like the other two. This is attached to the plate 
near its 1 >wer edge, and the plate is arranged so as to bring 
the three disks in line, as shown in Fig. 56. 

By arranging the three disks in a row and projecting 
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them on the screen and takinjj^ the distance across the three, 
at the screen, with a pair (d larjj^e dividers, the experiment 
is made ready. Now the central tlisk is moved down in ihc 
lantern (as in Fi^, 57), and of course the ima{2;c moves ip)” 
wardly on the screen. Let any spectator .say wlien the 
distance between the moviiijLi; disk and eitlier of the other.s 
is eepud to the distance taken by the dividers, then apply 


Fig. 56. 



Optical Experiment with Three Dhks, 

the dividers. It will he found that the best eye will be 
l^reatly deceivetl. It is not unctmunnn to hnd the best eye 
iiieaKuremcnt.s wrong’ by a foot or more. 

The probable explanation of this great error in eye 
measurement is that nearly every one has perhaps almost 
imcansciuusly the expectation of seeing the disks arranged 
on the a|)exe.H of an eciuilatend triangle, so that what he 
doe.s see in reality is a di.stance exactly three times as great 
as is required to fulfill his expectations. 

In Fig. 58 is illustrated apparatus for exhibiting in a lan- 
tern Professor Thompson’s curious illusion of the concentric 



Central Disk Removed from the Others Three Times its Own Diameter, 


give the rings the appearance of turning. This is accom- 
plished in the lantern by a movable holder which is sus- 
pended on a pendulum bar pivoted to the center of the 


Fig. 58. 


rings. As is well known, it is necessary to give the rings a 
gyratory motion like that required in rinsing out a pail, to 


Fig, 57- 
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cular hole tlirDUf^h which projects im eccentric mounted 
on a stud [irojectin^ trom llie support. 15 y lurninj^- the 
eccentric by means of tlie attached handle, the slide is 
s\vuu|X around in a circular path and the desired effect is 
produced on the screen. 

'Fhe peculiar whirlin^^ effect is due partly to irradiation 
and partly to persistence of vision. 

AN ARTIKU'tAI. Sl'KCTRUM. 

That the dilTerent colors of the spectrum mayl^ reunited 
so us to produce white lij^ht has been known for alon^ time, 
but the method of obtaining' all the colors (>f the spectrum 
without the use of any other ot)tical apparatus than the eye 
itself and its faculty of accommodation is recent and not so 
well known, and is worthy of notice. 

According to it was Mr.'Charles E. Benham, 
of (''olchester, hhigland, who was the lirst to obtain the arti- 
hcial spectrum, of which physicists have, for the last five 
mouths, sought with more or less success a .satisfactory ex- 
planation. Such explanation .seems to have been quite 
recently furnishetl by Mr. Macfarlane (Jray. 

The artilicial spectrum is obtained by means of a very 
simple device, a teetotum, a Pip, or any arrangement capable 
of communicating a rotary motion, art)und tin axis at right 
angles with its [ilane, to a disk of white cardboard i or 
2 inches in diameter iqion which fractions of concentric 
circumferences have been drawn in black, one of the halves 
of the tlisk lieing comjiletely black, as shown in Fig. 59. As 
we show in Fig. 59, this disk may also be mounted upon 
Newton’s classical ap\>arutus and tlie experiment be per- 
formed in a continuous miinnet. Upon giving tlie disk a 
rotary motion whose angular velocity depends upon the age, 
visual acuteness, mul especially the faculty of accommoda- 
tion of the observer, it will upjwar to be covered with cir- 
cumferences or fractions ol concentric circumferences as- 
suming all the C(»lors of tlie rainbow, very faint, liut sorae- 
nmes appearing with a richness of tone that depends both 
upon the illumination of the disk and the spectral richness 
of the light that it receives. 


244 


EXPERIMENTAL SCIENCE — APPENDIX. 





I 



Mr. Macfarlane Gray explains the phenomenon as follows : 
Let L (Fig-. 59) be the lens formed by the eye, the straight 
lines representing to an exaggerated degree (in order to 
facilitate the explanation) rays of different refrangibility. 
Let us suppose that the violet rays have their focus at V, 
and the red ones at R, and let us place the screen, E, at a 
constant distance from the lens. In order to obtain a sharp 


Ftr. 59, 



Artifici?^ Spectrum. 

I. Disk for obtaininpr the artificial spectrum, with explanatory diagram. 

2. Method of performing the experiment. 

image of a violet colored object upon a black ground, it is 
necessary to diminish the convexity of the lens, to flatten it, 
so to speak, in order to bring to E the intersection of the 
violet rays occurring at V. Conversely, for the red rays 
the convexity of the lens must be increased in order to bring 
to E the red rays that cross each other at R. 


I 
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White lig“ht may be divided into two groups of rays occu- 
pying the extreinilies of the visible spectrum, the red and 
the violet, and supposing their refrangibility to be uniform, 
they will intersect each other respective!}' at the foci, R and 
V. The red and violet alone do not give white, but a com- 
bination of their res[)ective groups does, and this suffices for 
the validity of the subsequent reasoning. 

If the reader will please imagine that these rays are red 
and violet transparent screens producing whk|^ by their 
superposition, he will see that the screen will appear white 
at B, in tlie center of the lozenge formed by the rays. He 
will thus sec that white light has not a definite focus like red 
and violet. The ‘image of a white object u]>on a black 
ground will always extend beyond its real geometrical image 
to a degree ecpud tt* half the height of the lozenge at B. A 
white point upon a black grouiul will therefore occupy a 
wider surface upon the screen than a black point would 
occupy upon a white ground. 'Phis is tlie well kut>wn phe- 
nomenon of irradiation. When the violet is fotuused iqjon 
the screc'u, the violet objects arc shtirply dermed without 
any marginal extension, but if at I his instant a white point 
be substituted therefor, it will a[)pear violet at the center 
and as if surrounded by a red aureola. In Fig. 59 the sur- 
faces marked r are the red margitnd rays and those marked 
V are the violet ones, Tlu* central lozenge intersected l)y 
the tw(» groups is marked d. liere tlie light is white, and 
pure white at the cetder cd the section. The network of 
lines may be assimilated tt> tlie well known toy soldiers 
mounted upon jiunted strips of wood, but here the maneu- 
vering is effected tiy a peculiar phy.siological action known 
as the faculty of accommodation. It is this faculty that 
alters the convexity of the lens for producing u|Km the 
screen an image as perfect us the imperfect lens at its dis- 
[Hisal permits. 

When the top spins, the accommodation is effected suc- 
cessively for the light and the black. After the black has 
been before the eye for u time, and this time Is about a tenth 
of a second, seeing tlie rapidity of action of the accommoda- 
tion, the joint of the network will be at E, the focu.s of the 
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black. As the disk revolves in a direction contrary to that 
of the hands of a watch, the most peripheric white circular 
arcs will form their image with red margins resting upon the 
black lines and making them appear red. The accommoda- 


Fig. 60. 



tion acts, but with so much rapidity and energy that it ex- 
ceeds the mark. After a rotation of 45-. new white lines 
appear with yellow margins covering the black lines and 
making them appear yellow. After a new rotation of 45" 
the margins are greenish and the black lines appear green! 
After a rotation of 45°, the margins are blue or violet and 
the black lines blue. The various colorations appearing 
upon the disk arc due, as a last analysis, to the slowness or the 
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haste of the ut^coiiimoclution in its c'luleuvor to put tlu; eye 
in focus at every instant. It is a semi-objective phenom- 
enon. When the velocitv of rolatitm of the disk is adapted 
to a |>;iven eye and syncliroiious with the speed of accom- 


modation, the colors are well defined, but they become 
confused If tlu* to(> spins tot) swiftly, the focusin|j^ not being- 
effected (pdckly enough. The colors which disuppeur for 
a fatiguetl eye are still brilliant for a younger eye, of which 
the accannniodation is Ijctter, The ap[iaratus, then, might, 
isi a certain measure, let us remark by the way, play the role 
of an *' uceommodometer " by rnoimtii g the disk u])on a 
proper sort of tachometer, the faculty of accommodation 
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bein^ connected with the appearance oi thecolurs. and. cun. 
sequently, with the angular velocity ot the disk. 

The distribution of die colors evidently changes with the 
direction of rotation of the disk, and the exterior ed^es of 
the lines are frinj^ed as were tl\e ititerujr etl|^es iti the opp«». 
site direction of rotation. Between the black inaHHcs atul 
the white lines the marg^ins of tlte white lines are red. Be 
tween the wdiite musses ami the white lines the margins of 
the latter arc violet. 

We take the foregoing from La Naiurt, and subjoin twt» 
modified forms for the surface of the top, given bv Mr. 
Charles E. Wolff, u correspondent of wfio says, 

in a recent number of that publication : 

When the top first appeareti, I made an obviousinoditu »«» 
tinn (shown in Fig. 60) to try and obtain a more eonfinuons 
spectrum. This was cpnte successful, as might f»e expei ted, 
The next step was to till up the white line's, producing a cou’ 
tinuous spiral bantl of black, as shown in Fig. r»i. whit b 
gives a continuous spectrum. 

Now, if we supfiose tlie colors to l»e prtMiueed by a sort 
of chromatic irrutliutiou of the white lines t»vet tin' black, 
this latter form should have been a failure, which is not the 
ca.se, 

In.Htead of a top, any «me may try this experiment In 
making diagrams like the abtive on caritboanl ami using a 
central pin to sjiin the same like a top. 

Ttie effects in t|uestion may he sitown ti|«m a scrrni to 
a large audience. The markings are paintetl on a disk of 
glass, {ilaced in a projecting lantern. ami revtilvrd bva iinilii 
jdying wheel A great variety ot effects are produsiblr in 
this way by interj losing colored glasses in tin- pafli *4 the 
beam ot light, Tims, with a green glass, and in diffused gas. 
light, the dark marks appear mauve ctilored when sudilmlv 
stopped after rapid rotation, or when very slowly rofatrii 
but become of a dark blue when the gas h liirnrti off. fin 
rotating the disk In the usual way. ttie lines iip-iin it ;i|»|«-ar to 
be blue, green and violet. With a blue ghi» iti gaslight, iltr 
markings on the disk ujipear to I:k' yellow when smklrnlv ^lop. 
ped, but a fine purjde without diffused light, I’lir colors 
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jj^ivcn by the lines at a uiodcratc rate of speed are reel, gro}’, 
green and blue. Witlui inonoehronialic red glass, the lines 
appear to be blue, gray, red and dark red. The appearanee 
of blue l)y red light is remarkable. Mr. Benham, the iu- 
vontorofthe top, thinks that the phenomena of color pre- 
sented by it have nothing to do with the wave theory of light, 
but are jjurely subjective. It has been suggested that they 
are due tt) visual fatigue on the part of the observer. 

OPTICAt. I'ROJECrriON OF OPAPUK OHJKCT.S, 

The projection of opacpie or solid ohjects by nacans of 
the ojUical lunten\ affords a way of sht>wing upon the 
screen a large variety of objects in their natural colors, and 
greatly inugniheth The form of lantern best ada))ted to this 
purpose is the simplest imaginable. 

I’lie works (tn optical projection briefly de.scribc difTer- 
ent f<irms of apparatus for tliis purpose. Prof. A. E. Dol- 
bear in his b«iok tlescribes a niegasct»pe, consisting of a plain 
l)oH, with a large lens in fnint and an osyhydrogc'u light 
within. Mr. lanvis Wright, in )\is new wtirk on “ ( )[)t ical 
Projection,’* slnnvs two or three forms of tnegascopr ; l)Ut 
notwithstanding all tins the idea is current that opatpie pr«>~ 
jrction is tlifficuh, and several {»ersons known to the writer 
are so thoroughly convinced of the magnitude of the under- 
taking tltat they dti not make the attempt to project in this 
wav. 

In descrifhng a few ways of opacpie pn>jection, two or 
three points are uoticaal in the beginning. First, all the 
liglit attainable is required ; second, all kind.s of work c^an- 
not be clone with one and the same instrument; and third, 
to secure tlie best effects, suitable shadows are as necessary 
as strong llglits, ft is usele.sH to attempt projection on a 
large scale with a source of illununation inferior to the cal- 
cium light. Fcif large objects and a large screen, two large, 
burners are esHential, and the use of three insure.s a iiuich 
better effect. 

'rite length of the box inclosing the object and the burn- 
€*rs is determined by the focal length of the object glas.s. In 
the instrument Illustrated the lens has u focal length of 24 . 
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inches. The box is made 4 inches longer, u c., 28 inches, to- 
allow of moving the object, for the purpose of focusing the 
imag-e on the screen. 

When two oxyhydrogen burners are used, they are ar- 



ranged at one side of the megascope box, at slightly differ- 
ent elevations, and a short distance apart, to secure soft 
shadows. When three burners are used, the third is placed 
at the opposite side of the box. It increases the volume of 


Ttie Megascope, 
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light and modifies the shadows. If the apertures of the 
burners are the same, they may all be supplied with gas 
from a single pair of cylinders, by using branch pipes. The 
burners should be pushed as near the object as possible, 
without bringing them into the field of the objective. 

In the present case the objective consists of a 6 inch ' 
double convex lens, but a 7 or 8 inch would be better. The 
lens is mounted in a soft wood ring, and suspended over a 
circular aperture in the front of the box. 

For the sake of convenience, the box is made to fold, so 
as to occupy a space of i8 by 28 inches, by 3 inches thick, 
when not in use. Fig. 64 shows the construction clearly. 

Fig. 63. 



Megascope Box, Showing Position of Burners. 


The top, /, is like an ordinary box cover, with the exception 
of the central draught hole surrounded by a collar. ^ 

To the bottom, are hinged the end, h, sides, i j, and 
the front, k. The cap, m, is supported over the opening in 
the center of the cover, f, by the wood screws inserted in 
the corners. The lens, ?i, is arranged to hang over the large 
opening in the end piece, k. In this end piece there is a 
smaller opening for the insertion of the gas tubes. The side 
piece, i, is discontinued near the back end of the box, to 
provide an opening for the insertion and removal of objects. 
This opening is covered with a black curtain, which falls 
over the arm, and prevents the escape of light. Upon the 
inner surface of the back end of the box is secured a piece 
of white cardboard for a background. 
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The sectional view, Fig. 63, best shows the internal ar- 
rangement. 

The object must be inserted in position and moved for- 
ward or backward until it is focused. If difficulty is expe- 
rienced in holding the objects properly for exhibition, they 
may be placed on a movable support. 

Fruit of all kinds projects well, either whole or divided. 



Folding Box Partly Closed. 


A bunch of California grapes forms a fine object. A bou- 
quet of flowers is beautiful. Shells, especially polished ones, 
are very pleasing objects. Peacock and other feathers show 
well. Pottery and bronzes, plaster casts, toys of various 
kinds, particularly of the Japanese variety, carvings, em- 
broidery, paintings, engravings, photos, the pages of a book, 
are all of interest. Whole machines of a suitable size, and 
parts of machinery, or apparatus of almost any kind, may be 
shown to advantage in this' way. 
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Another way of accomplishing the same result without 
the use of a box is illustrated in Fig. 65. In this case one 
room serves as a megascope box and another as the room 
in which to place the screen. The same general arrange- 
ment as that already described is observed. In this case the 
lens is secured over the space between two sliding doors, 
and all escape of light is prevented, excepting, of course, 


Fig. 65. 



Megascope without Box. 


that which passes through the lens. The screen is made of 
translucent tracing paper. The lens may be such as is used 
for the examination of paintings or photographs, but the 
kind known as cosmorama lenses, sold by the principal 
opticians, are preferable, on account of being about the right 
focus. They are not expensive, and may be obtained of a 
diameter of six or seven inches. Two or three calcium 
lights are used. The objects may be held in front of a white 
or tinted background, or the background may be omitted. 
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It is absolutely necessary that no stray li|^ht sliouUl escape 
into the room in which the inurn'c is thrown. Of course, an 


Mtsgascupo Auauhnuait tn I.anlt’rri, 

opaciue white screen may be usetl in this arnui^etnent if 
<levsinible. 

For the projection of fine objects, such tis j^ems ami their 
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scttingvS, a watch movement, or a line piece of machinery or 
apparatus, the arrangement shown in Fig-. 66 is elTeclive. A 
plan view of the apparatus is here shown. The objective of 
the lantern is removed and supported at an angle with the 
optical axis as indicated. The lime is [mshed forward so as 
to cause the divergent cone of light to cover the object, 
as shown. The light reflected from the object, <■/, passes 
through the objective to the screen. 

The wire frame, r, secured to the front of the lantern and 
held by the standard, /, is designed to support a thick black 
cloth for shutting in all light excepting that passing through 


Fi(i. 68. 
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the objective. Ai)paratus similar to this in priiiciple is sold 
by some of the dealers in lanterns. 

The wonder camera, shown in Fig. 67, is an instrument 
havitig a marvelous amount of power, coiusklering the .source 
of light, whicli is simply a single Argund kerosene burner. 

The lamp flame is in one focus of the ellipsoidal reflector 
and the picture or object tcj be .sliown is placed at the otlier 
focus, on the swinging adjustable holder. Opposite the 
holder in a perforation in the reflector Is placed the object- 
ive, by which the image is projected on a screen three or 
four feet di.stant. The .small plan view shows the shape td 
the mirror ami the c{>ursc of the light. The lining.s of the 
ocjx around the lamp and focus of the reflector are removed 
m the picture tf) slutw the interior. These Uningsare made 
of asbestos, to withstand the heat. This in.strumcnt will pro- 
ject coins, shells, flow'crs, pictures, etc., very satisfactorily. 
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A SlMri.K CKKKKATOR F(>K A( ‘KTY l.KX K HAS. 

Hvery iisor of the* ju'ojccliiifj;; lantern lias time ami again 
felt, tilt' neeil of a practieal illuininant wliieli tunilcl be used 
whenever reciuiretl without trouble or expense. A kt'rosene 
lamp in its best form is only an aggravation, 1 he incaiules- 
cent gas burner is little better. The ealeium light st'ems to 
be more generally useful than any otlier, excepting, of course, 
the light of the arc lamp, but a current suitalile for an art: 
lamp is not always available. 

.\cetylene gas is c<»nvenieut, inex[iensive, and when used 
with onliuurv precaution, is sale. Although it is inlertor to 
the calcium light in illuminating powt'r, it is vastly superior 
to either kerosene or coal gas. .\ .f foot buruergivesa light 
of 24 caudle' power. .Vs gas flame is transparent, three or 
four burners can be arrangt'd in a row, one behind the other, 
as shown in the engraving, riie reeent burner is a great 
im{>rovement over those lormerly used for this gas. 

'riic engravings represent a very simple and iuexpt'tisive 
wet getierator designed for furnishing three | loot Inirners 
with gas for to 2 hours, tir the average duratinn uf a 
lantern exhibition, or three i foot burners for onedialf the 
time. 

'Fhe generator is a modiheation ol the Dtifjereiner lamp. 
In a H-puart galvanized iron pail is [daced a hollow gal- 
vanized iron cylinder, 6 inches in diameter and K inches high, 
with the lower end notched for the free passage of water, as 
shown in the sectional view, several of tlie points being sob 
dered to the pail bottom, so that the cylinder is concentric 
with the sides of the pail. In this hollow cylinder is .secured 
a conical .sieve of coanse galvanized iron wire cloth tjr net- 
ting, the periphery of the sieve being i| inches from the top 
of the cylinder, the apex of the cone tieing 2| inches from 
the top. To the fixed hollow cylintler is loosely fitted a deep 
cover, which is provided with an airtight top, having a tube 
inserted in the center thereof, which is fg of an inch outsitle 
diameter, to receive the rubber tube. The lower end of the 
cover reaches to a point just above the edges of the fixed 
cylinder, and in the cover is formed a bayonet slot which 
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engages a rivet soldered to the fixed cylinder near the bot- 
tom. To dry and cool the gas, a laborer’s coffee can is 
•pressed into service. Two holes are punched in the top, 
;and in these holes are inserted and soldered two (outside 
idiameter) tubes, one just entering the top, the other reaching 
^nearly to the bottom. The longer tube is connected with 
the central tube of the cover by a flexible pipe. From the 
shorter tube a rubber pipe extends to the burner. A small 


Fig. 70. 



Vertical Section of Acet3-lene Gas Generator. 


plate is attached to the cover of the generator beneath the 
central tube, leaving a inch space for the escape of gas. 
This plate is designed to prevent the expanding mass of 
calcium carbide from entering the tube and stopping the flow 
of gas. 

A pinch cock should be placed on the short pipe leading 
from the generator to the cooler (coffee can) and another in 
the pipe leading from the cooler to the burner. 

To charge the generator, the apparatus being dry, a 


A SIMPLE (IKNKKATtIR FOR ACETYLENE CAS. 25c) 

pound or less of calcium carbide is placed in the conical bas- 
ket, the deep cover is put in place and fastened by means of 
the bayonet joint as descril)ed. The cooler is connected 
vvitii the g-enerator cover by the rubber tube, as shown, and 
the pinch cock is closed ; then the pail is lilled with water 
up to within ^ inch of the tt)p. 

Tlie ij^cnerator is now ready for use. The water is pre- 
vented from toucliin^ the carbide by the air contained by 
the generator. The cooler and burner are connected by 
the rubber lube. 

When it is desired to use the gas, the pinch cocks are 
opened, the lu'essurc of the water expels the air, and when 
the water touches the carbide, gas is immediately produced. 
U it forms faster than it can escape through the. burner, the 
water is pushed down inside the cylinder, rising in the pail 
outside of the cylinder. A small quantity of water is retained 
on the top of the cover l)y the rim surrounding it. 

As .soon as the air is expelled and the gas begins to How, 
a match may be applied to the burners and tlie apparatus 
will take cure of itscll, giving a brilliant light until the car- 
bide is exhausted. 

Care should be taken to not liglit the gas at any open 
pipe or opening other than the liurner oritice.s. It is stated 
that these orilices are so small that even an exjilo.sive mix- 
ture ia the generator would not be set o(T; Imt it is better to 
be on the safe .side. Place a small test tube over one of the 
jets {)f the burner for a moment ; tlien remove it and apply 
a match. If it burns {piietly, the burner may be lit with 
safety; if it snajis, tlie test should he rejieateil until there is 
no explosion in tlie tube when the mutcli is applied. 

Alter the carbide is exhausted, the residue, which is 
nothing but slaked lime, may be wa.shetl out of the appa- 
ratus. 

This generator was designed .sinqily for one or two hours' 
use with the lantern ; but ol cour.se it can be used for other 
purposes and witli throe or four single separated burner.s. 
It is hardly adapted for purposes requiring gas for intermit- 
tent use, as the generation goes on in a small way after the 
water is witlidrawn from the carbide. 
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METALLt ).t*iIRt)M KS. 

The prochictitui t»f Nothli’s rini^s is a vn v sintplr ;u»l 
pleasing clcctr(»»c!ieinieul expt'rinu-iit wliich nia\ In- it-aclilv 
tried bv any tmc luivinjj^ one or two hatteiy reils, a small 
dynamo or'maj^nieto electric machine, am! h^itrcs ol vaiituis 
kinds mav he prtuluced by tlie same [ntJCt-ss in lirilliant 
colors. 

To produce the rinses, all that is retiuirtsl is a Itniisen »»r 
Grcnct battery in tinier, a .strouf' solution ti| acc- 

Fu.. 7t, 










tate of lead (.su^ar of leadi and a steel or ittekc-l 
brass jilate. The leatl solution is placed in a t oiuiuoii sail 
the steel or uiekeletl plate is placeil in the iMittoiti «»| 
saucer and tumneeted by a wire with the /tm* |M»lr of 
battery, and the end of tlie wdre, which is t'oiiuretni \ 
the carbon pole of the luitterv, is helcl near the steel p 
without touchini^ it, as shown in Mi*:. 71. In a very si 
time a spot of color wiU appear on the plate, ami in u 1 
ute or so the spot will spread rapidly ami form eoneen 
rings of prismatic colons, as shown iti Fig, 72. A few ti 
will enable the operator to tletertniue the time rcipilrrtl 
the production of the best effects. When the oprrathiii 
proceeded far enough, the plate is removed from the s 
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tion, washed in clean water and dried. The beautiful color 
effect is due to the decomposition of the lig’ht by the ex- 
ceedingly thin film of peroxide of lead deposited on the 
surface of the plate. It is quite permanent and serves to 
protect the surface of the plate from oxidation. 

To secure the best results, the plate should be highly 
polished and the lead solution should be filtered. 

By providing anodes of different forms, various orna- 
mental figures may be produced on the surface of the 
plate. For example, a wire bent into the form of a lettcm or 

Fui. 72. 


figure of any form may be used as an anode for producing 
a figure of the same general form on tlie plate. As it is 
sometimes difficult to hold the anode in the proper position, 
ordinary insulated wire (magnet wire) may be used. This 
permits of placing the anode down upon the plate, the insu* 
scrvimr to ore vent direct electrical contact, 

by ( 
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the figure, the arranj^einent ef Citlurs beuriug sotuc rv^vtxx- 
blance to those of a peacock featlier. 

The arrangement of the colors in these films is that of 
the solar spectrum. Nobili's rings resemble Newton's, I he 
colors are fully as intense and mtjre readily seen, 

Nobili discovered this phenomenon in Since that 

time many modifications of the process have been devisetfi 
and some commercial applications liave been made. It has 
been used to some extent in the (»rnarnentation of small edw 
jects, such as buttons, articles of jewtdry, etc., imparting to 
them an iridescence which cannot be imitated by any arti- 
ficial coloring. 

Becqiicrel suggested a solution for this purpose, the 
formula of which is as follows : “ Dissrilve 2ti« gramme's of 

caustic potash in 2 tjuarts of distilled water, add 150 
grammes of litharge, boil the mixture ff>r a half hour, and 
allow it to .settle. Then ptmr ofT the dear litpior and tlilule 
with its own bulk of water." 

This st>lution is adapted to other metals than tluise aliove 
mentioned, but the acetate of lead solution yields very satis- 
factory results and is sufficient for experimental tlemonst ra- 
tion. In conducting tliese exjH*riment.H the puisimmis 
nature of the .solutions should be borne in mind. 

IRIDKSCKNT tJl^SS. 

A visitor at the Metropolitan Museutn of Art in New Yt»rk 
cannot fail to notice in his tour of the gallerleH the cxi|uislte 
ancient Cyprian glas.sware, with its gtsrgeous iridescetice 
surpassing in brilliancy of coU>r anything ever pnaluced by 
artificial mean.s. So fur a.s is at present kn{)wn, this effect can 
be produced only by the corrosive action of thcidrand mois- 
ture of the .soil in which these objects have l«*cn burled for 
centuries. 

Glass having a similar appearatjce, but without the same 
brilliancy of color, has been found elsewhere, and a certain 
degree of iride.scence has been imparted tc» glass c»f modern 
manufacture by fiashlitg it during the annealing prt»ceHs with 
stannous chloride, thus depositing on the glass an exceedingly 
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thin film, which decomposes the lij^hl, and thus yields a 
pleasing color effect. Glassware, of this kind is beautiful, and 
was at one time much in demand, but at present it can hardly 
be found on sale. 

'rhrough the courtesy of General L. P. I)i Cesnola, di- 
rector of the Metropolitan Museum of Art, tlie writer has 
been enabled to examine specimens of ancient Cyi)rian glass 
secured by him in his arclueological explorations in Cy[)rus. 

A microscopical examination of tliis glass shows that the 
surface is covered with exceedingly thin transparent films 
formed by matter dissolved from theglas.s, Tliebod}' of the 
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glass 18 pitted over its entire surface with minute cavities, 
which are circular or elliptical, tir oblong in outline, and 
either spherical, ellip.soidal, or cylindrical in respect to their 
concavity, and the films conform to the pitted surface of the 
glass. These films, of which there are many superposed, are 
so thin as to float in air like dtiwn when detached. They de- 
compose the light by interference due to reflections from the 
front and rear surfaces of the film, anti give rise to the gor- 
geous play of color for which these ancient specimens of glass 
are noted. 

The appearance t)f the film from this glass when highly 
magnified is illustrated in Fig. 73. The color effect is, of 
ctnirse, wanting. By transmitted light the color is comple- 
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mentary to that shown by reflected I*,KAnunc*«l liy 

polarized light, the color is heightened still tmire with all the 
changes that may be brought about by rotating the |»olari%T. 
analyzer, or the object itself. The figure under {solarized 
light without the color is shown in Fig. 74. 

If the effects secured by long ages of treatment in Nature’s 
laboratory could be produced artificially on modern glass at 
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Iridascerit Film— By PolariMU Ughi. 


a reasonable cost, it would seem to be an object well wurtli 
striving for. 


BEAUTIFUL EXAMPLE OF DIFFRACTION. 


Diffraction, as is well known, is the change vvddcli light 
undergoes when passing the edge of a l>ody, or in pUHsing 
through a narrow slit or aperture in an ojiafiue body. The 
rays appear to become bent so as to penetrate into the 
shadow of the body. A common e.Karnple of this plienonu*- 
non is the experiment in which a beam tjf light is niatle to 
pass across the edge of a sharp instrument, a raztir fin* esc- 
ample. 

The most beautiful example of diffractiou phenomena is 
given by the gratings used for producing the spectrum. As 
we have at present nothing to do with the purely scientific 
application of this phenomenon, we confine ourselves to a 
.single example, as shown in the mineral commonly knt»wn 
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in stKHvri a Htur-like 
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as Star mica tphlog'opitc). A tliin plate of this mineral 
placed op|)ositc a point of lij^ht, such as a candle (lame or a 
small gas Bume, exhibits six radial bauds of light emanating 
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scribetl, whicli h really cominmed ^'i*'*** Showing the Ap 
of two Itkt? tigures each having six i*nukicing six Radial 
radial Iwmds, one figure being much 

stronger than the other, Microscttpic examination of the 
plate shttvvH a multitude of minute, needle-like crystals. The 
light piming over the edges of these crystals is diffracted or 
bent, so that the rays which reach the outer cage of the 


from a {mint o{»{H>site the name, and arranged symmetri- 
cally at the angle of 6o tleg. These bands rotate witli tlie 
plate when it is turned in its own 
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plate, as well as tlutse passiu|^ through the central ptirthnis, 
are bent inward in their passage, so tliut they meet in tltc 
eye and jjroduce the itluTuiineiuni described. It has been 
ascertained that these minute crystals arc ” hemiinnrphic 
cry.stuls of rutile elnn^rited in the directitm of the vertical 
axis.* I his pheiuitncnon was noticcal by (». Rtise as early 
as but the nature of the crystals was ascertained by 
Lt'icroix. 

Ihc diffraction phentmunion shown bv the star mica may 
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Gla»i Scratched In Two D!mcUon«, Angle uf 9«i“, 


be produced artificially by formin|r mirnite seratclirs In the 
siu face of ijluss; the diffraction bands art*, of coy cm*, at 
rig'lit an^i^Ies to the lines or HcTatche.H by wlilrh they are 
formed ; therefore, if the plate is scratchetl in one tlireditin, 
one band will be producetl rt,*achiti|r across the plitte at 
n^ht an^^lcs to the scratches j if scratchetl in tw'o dirci‘tit>nji| 
two bands will be produced, as shown in Fig. 77 ; ainl Fig. 
78 represents a glass plate scratched in four direcliorw, the 
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lines bein^ at the ang'lc (if 45 , thus producini^ ei^ht rudiiu 
bands when the plate is placed in front of a point of li^ht. 

Fiti, 7ft 


Gla^R Scraichetl in Four DirncUorm An)?le of 4^". 

It is obvious that by tlie proper arran^^einent of the lines 
any number of radial bands ini^ht be produced. The 

Fit;. 7‘». 


ArrartK^rncnt of ( 4 y«(Uls In M!r». 
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scratches in the glass are almost imperceptible ; they are 
readily produced by rubbing the glass lengthwise and 
crosswise by a block covered with fine emery paper, the 
block being guided by a rule. 

A beautiful example of the intergrowth of the fine 
crystals is shown in Fig. 79 ; the dark and light bands 
here represented are formed by these crystals, which, 
curiously enough, arrange themselves along lines parallel 
with the sides of the mica crystals in which they are con- 
tained. 

LIQUID AIR AND ITS PHENOMENA. 

In an article in the Scientific American Prof. W. C. Peck- 
ham says : 

Renewed interest has recently been awakened in the 
liquefaction of air by the announcement that it can be pro- 
duced in practically unlimited quantities. This result has 
been brought about by the development of the method of 
expansion, and its use in a new and ingeniously devised 
apparatus. Credit for this is due to Mr. C. E. Tripler, of 
New York, who has for many years been engaged in the, 
study of this problem. 

One of the illustrations shows the appearance and 
arrangement of his plant. It consists of a triple air com- 
pressor, a cooler and a liquefier. The compressor is of the 
ordinary form, having three pumps upon one piston rod 
working in a line. The first gives 60 pounds pressure, the 
second raises this to 750 pounds, while the third brings the 
air under a compression of 2,000 pounds per square inch. 

After each compression the air flows through jacketed 
pipes, where it is cooled by city water. For this work about 
40 horse power is employed. After the third compression 
the air flows through an apparatus which disposes of some 
of its impurities, and it passes on to the liquefier. It is this 
part of the apparatus which constitutes Mr. Tripler’s special 
invention. By means of the peculiarly constructed valve, 
whose details are npt made public, a portion of the com • 
pressed air is allowed to expand into a tube surrounding the 
tube through which the remaining air is flowing. This ex- 
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panded air absorbs a large amount of heat from the air still 
under compression in the inner tube. The contents of the 
inner tube are thus cooled. In this way the air is brought 
below the temperature of liquefaction and its pressure is very 
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Tripler's Original Apparatus — Used in 1890 . 


much reduced, so. that, upon opening the valve at the bottom 
of the apparatus, a stream of liquid air is received, flowing 
out with scarcely more force than the water from our ordi- 
nary city service pipes. Thus the liquefaction of- the air is 
accomplished by the “self-intensification of cold ” produced 
hy the expansion of a portion of the compressed and cooled 
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air, without cuiployiiij^' any other substance to briiif'’ about 
this result. 

Tliroug'h the courtesy of Mr. Tripler, we are able to pre- 
sent a cut of the orifj;;inal apparatus by means of which, in 
January, 1H90, tlie first lic|ui(l air was iiuide in America, and 
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probably in the world. It is krunvn that the method l)y 
expansifin td air under pressure has been employed both 
in England and (Germany, but the earliest pitliHshed date 
connected with any of these experiments is 1895, and pre- 
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vious to that time, as Mr. Tripler states, his application for 
an English patent was on file in the English Patent Office. 

Our cut of this original apparatus shows the tube through 
which the air under compression flowed into the spiral coil. 
Having traversed this coil, it rose through a tube (not seen) 
in the middle of the coil and passed the valve shown at the 
top. The whole was surrounded by a glass tube open at 
the bottom. By the expansion of the escaping air the coil 
and the inner tube were so cooled that liquid air trickled 
down the pipes and dropped out at the bottom of the tube. 

As fast as the liquid air is drawn from the liquefier it is 
placed in tin cans, packed in felt, in which it can be kept for 
a very long time. Cans have been sent as far as Lynn, Mass., 
in one direction, and Washington, D. C., in the other, and 
the coqtents were not seriously diminished by evaporation 
in transit. Such a can holding 3 gallons would not wholly 
evaporate in less than 8 to 10 hours. 

Prof. Dewar invented a double walled glass bulb, in which 
between the walls a high vacuum is formed (Fig. 82). 
In this the air will last five to six times as long as in an ordi- 
nary packed dish. 

An extended table of the physical constants of the “so- 
called ” permanent gases is embodied in this article and will 
doubtless interest our readers. A glance at this will show 
that the boiling point of the air is the lowest temperature 
thus far attained at atmospheric pressure. Only hydrogen 
and helium have lower boiling points, and neither of these 
has been liquefied up to this time in a free state, that is, at 
atmospheric pressure. The same statement can be made 
with regard to air boiling in a vacuum. This has the lowest 
temperature yet attained. 

The possession of a large quantity of a liquid at so low a 
temperature makes it possible to perform many experiments 
of a very startling and marvelous character. When a dishful 
of the liquid air is dipped from the can, it boils so violently 
that drops of it are projected to quite a distance. This con- 
tinues until the dish is cooled to the temperature of the 
liquid, when it becomes quiet, simmering gently. In this 
condition it is turbid, containing solid particles of carbonic 
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acid and possibly ice. These may be filtered out throup:h 
filter paper, and the licjuid is seen to be of a delicate shade 
oI blue, clear as water. 

Since the boiling point t)f nitrogen is 13^ C. below tliat 
of oxygen, it follows that, in the first boiling, nitrogen is dis- 
tilled from the oxygen us alcohol may be distilled from a 
mixture of alcohol and water through the clifTe'rencc between 
their boiling points. By this means the licpiid air becomes 
very much richer in oxygen. The lirpiid air would at first 

PHVHICAU constants OP (SO-OALl,K[>» PERMANENT OASK8. 
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contain only io per cent, nf oxygen, but after boiling for a 
while the proportion of lixygen increa.ses to 75 per cent. If 
the Ikjuid be poured upon a Idock of ice, it bounds ofT like 
water from u hot stove. The ice at the freezing point i.s 344 " 
F. hotter tfian the liquid air~a distance of 132" greater than 
separates boiling water from ice. 

Fig. shows a copper lube 2 inchtus in diameter, with 
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walls •§■ of an inch thick. On pouring- a couple of fluid ounces 
of liquid air into the tube, and driving a wooden plug firmly 

Fig. 83. 


Experiments Showing Properties of Liquid Air, 

10. Frozen mercury, ii. liquid oxygen in water. 12. Frozen whi.sky. 13. Carbonic 
acid snow. 14. Burning carbon in liquid oxygen, 
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in witli u luumncM', it is driven out ulinost imincdiiitely, uud 
with such violence that boards overhead are indentc-d by it. 
About :uo cubic feet of air are coinpressecl into one gallon 
of the litiuid, occupying' cubic inches. I'lie li(|uid there- 
lore occupies but ,Ih ‘h the space filled by the iJi'as at first, 
and on returning’ to its gaseous form at atmospheric pressure 
it must expand to 74.S times its volume. I'lie enormous 
pressure produced in this transformation is tluis apparent. 
It would scarcely seem to be possible to construct apparatus 
in which it could safely be stored and allowed to come to 
atmospheric temperatures. 

Fig. S2 shows the clTcct produced uptin iron by retlucing 
its temperature to that of li{[uid air. An ordiiuiry tin dipper 
placed in the licpiid an<l allowed to cool till boiling ceases 
becomes brittle' and breaks like glass upon being struck 
agaimt a table or thrown upon the flotir. C'oi>per tind pla- 
tinum, on the other hand, remain tough at the lowest tem- 
peratures. 

log. 82 shows a tlish of licpiid air in which a rubber ball is 
fhiating. It will beuoticed that the vapor flows over the edge 
ofthe dish, tmt rising in a cloud from it, asdoes steam, sinceit 
Is much hea\ ier tium gaseous air at onlinary pressures. 'Fhis 
vapor presents the appetinuiee of a cloud of steam ;md would 
be easily mistaken for it. ‘Phe chill which the hand receives 
on being exposed to it would, however, (piickly tamvitice 
one of the ditTerence. VV^ hen the rubbc*rball has been cooled 
to the temperature of the liipud, it becomes exceedingly 
brittle, and on being thrown against a wall flies into many 
pieces. .X very curious effect produced upon a billiard ball 
cn- oilier article of iv«»ry by cooling it to the temperature of 
litpiid air has not been explained. On exposing it to the arc 
light for a few set'ouds and viewing it immediately in u dark- 
ened room, it shines with a brilliant green phospluirescence. 

It is a curious experiment (see Fig. Kp) to hold a tube 
in which is li{|uitl air in a glass of whisky, whieh in a few 
minutes liecomes fro/:en solid. On warming the outside of 
the glass the solid whisky may be removed, and we have a 
whisk V tumbler composed of whisky itself. 

A )et of carbonic acid directed into a dish floating in a 
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glass ol liquid air (see Fig. 8 3) is immediately frozen and forms, 
carbonic acid snow, in the open air, which, on being placed 
upon a table, passes into the gaseous state without melting. 
A jet of steam directed into a glass of the liquid air causes a 
violent evaporation of the air and condensation of the steam, 
so that a cloud of particles rolls away from the dish, but in 
a remarkably short time round hailstones of the size of peas 
will be found floating quietly in the liquid air. They have 
cooled from -|-2i2° to — 312° Fah. in the short space of a few 
seconds. Consider how much heat they have given up. The 
heat of evaporation of water is 967° Fah. ; 212° more to 
zero ; 144° given off in freezing, and 312° more in falling to 
the temperature of liquid air; 1,636® is the grand total. 
Eighty degrees per second would be a moderate estimate of 
the rate of loss. More remarkable still is it to see the air of 
a room condense upon the sides of a tube in which liquid 
air is boiling in a vacuum. Fig. 84 shows this experiment. 
When the pressure gage registers about half an atmosphere, 
the liquid air is seen to be boiling in the tube with violence. 
Ice crystals from the moisture of the outside air coat the 
exterior of the tube ; but trickling down through these crys- 
tals, and falling off to the floor, are the drops of the atmo- 
sphere of the room condensed directly at ordinary pressure 
into the liquid form. They disappear almost instantaneously 
in a cloud of vapor upon the floor, not wetting it at all — a 
most singular sight to see a liquid which does not wet the 
surface upon which it strikes. 

A most striking experiment has been designed by Mr. 
Tripler, as were many of the experiments which have been 
already described, to show the tensile strength of frozen 
mercury. Fig. 83 illustrates this. Into a paper dish is poured 
a quantity of mercury. Into the ends of the dish have been 
inserted a pair of heavy screw eyes. If this dish is placed 
in a basin of liquid air, the mercury is quickly converted into- 
a solid, since its freezing point is relatively high — 30° below 
zero. Now this, suspended in the manner shown, will sup- 
port a heavy weight for a long time. A block an inch square 
• in cross section will not melt under 20 to 30 minutes. Of 
course, anything else could be done with the frozen mercury 



.4. 



2^8 KXI‘KK1MKN‘1 A!, M'lf Nt'F \li‘8 M‘tX. 

which inij^ht be tlmic with uiiv nthci |h«'i'r mI lurtal. 

as, for example, it might be usetl t<i ibi\r a stad, 

I^ossiblythe most striking expriiiiirnt is this; A t|itantitv 
of liquid air is {>c)ureil into a tea ketth\ atul the kettle is net 
over a hot Hrc of ctials; the Htpiitl air evaporates ami shunts 
in streams from the spout of the kettle in a straight t iiluiiin 
to the height of 3 to 4 feet a sight wlik h Walt never 
dreamed of. While this i^ going on, if aglasst*! water k 
poured into the kettle, it will be liuind to tiefro/en in a vrrv 
short time ; and if the kettle is removed from the lire, its 
under surface is ft»und to be coveretl with thet arbon ili«»xide 
of the fire frozen solid within a couple o! inctirs ul tiie leth 
hot coals. 

A piece of .sjionge, .saturated with tiie liqiittl oxvgrn, 
when touched by a taper from a safe distanee, explodes with 
violence and is blown into fine shretls tsre Mg, S.»). 

A most beautiful experiment is shown in Fig. H,!, in which 
a newspaper crutn|ded into a roll has been saturated with 
liquid air, and is .set on fire at one end. It Inmis with vio- 
lence, but not so rapidly a,s in the liquid oxygen. 

An electric light earlMin may be heated tt* a retl heat at 
its tip, and then plunged vertically intt» a deep glass of litiuitl 
ox'ygen, us in Fig. 83. A tiucst singular combustion takes 
place. The heat of the carbtm evaporates the oxvgen in its 
immediate vicinity, and the carbon burns with great brih 
liancy and violence, forming carlnm dioxide, which is largely 
frozen in the liquid air Irefore it reaches the surface and falls 
back to the bottom t>f the dish, so that the comliurtton is 
maintained and its products retained within the ilish. 

Fig. 82 shows the mode tif igniting a steel |>rn or 
watch spring in the liquid oxygen. It is onlv nrees^ary to 
stick the point of the steel inttiu match and light it, to ftirniHli 
sufficient heat to communicate the hre It* the strrl. wlieu 
it burns with the same brilliancy as in the ordinary expert* 
ment. 

Fig. 83 shows a very brilliant experiment. A large flask, 
10 or 12 inches in diameter, in filled to the neck with water. 
Into the top of the flask liquid air k |«»urrd. This at first 
floats, since the specific gravity of liquiti nitrogen is 0*885 ; 
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but as the nitro^'cn l)t)ils away, (he osyu-eu behind, 

the drops of oxyg'en bejrin to sink into the water, since its 
specific gravity is 1*124. As these drops sink, they are 
partially turned into vapor, which of course tends to rise 
through the water. This action coiniuunicates a rapid whirl- 
ing motion to the o.xygen, and drives it bac;k again. This 
may be many times repeated, giving a very beautiful ex- 
hibition, since tlie drops of oxygen may be as large as an 
incli in diameter. 

'Phe magnetic character of licpiid oxygen can be exhibited 
on a large scale in the manner shown in Fig. 82. A test lube 
with a side tube is filled witli licpiid oxygen, and a cork in- 
serted. The side tube allows free evaporation to take place. 
This is then suspended, as shown, by a sling. If an electro- 
magnet be brought near the end of the tube, the tube swings 
toward and adheres to tlie pole of the magnet just as if it 
were a piece of iron. This is, iierhajis, the first adaptation 
of this experiment for exhibition on a large scale. 

The enormous force of licpiid oxygen is illustrated in 
Fig. H4-~»‘an experiment which was tried at the recpiest 
of the inventor of one of our best known guns. A 
heavy steel tube, 18 inches long and of about an inch bore, 
open at both ends, was securely fastened in a vise. Into the 
middle of the tube a plug of cotton .saturated with licpiid 
oxygen was placed. This was touched off by a taper from 
a safe distance. The effect of the explosion is shown in the 
figure, which is a careful drawing from the tube itself. 

Tile practical uses and a{)plications of licpiid air have not 
yet been made, but doubtle.ss the inventive world will find a 
place and a use for this new power. Already in(\uincs in 
this direction arc somewhat numerous. The scientific 
aspects of the matter are of the liighe.st interest. IJy boiling 
licpiid air in a vacuum, the lowest degree hitherto attained 
has been reached, and men are brought the nearest they have 
ever been to the absolute y.ero. It would appear that, at the 
point reached, chemical action has well nigh ceased. Even 
that most active element fluorine, whose chemical affinitie.s 
at ordinary temperatures are uncontrollable, becomes com- 
paratively inert. It has recently been cooled in oxygen boil- 
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ing in u vacuum to ■ -iio C witlumt soUdilviug. It brcauje 
a liquid at —I A/ ' C. In its Ucjuid lt»rm it hatl u|»{uircfUlv* 
no desire to attack anything excepting iudy substances con- 
taining hydrogen, such as turpentitie and beniifie, Its well 
known action upon glass entirely ceaseil. It woultl seem 
probable that men have reucheil in ltt|uicl air boiling in a 
vacuum a temperature quite comparable with that t»f the 
spaces between the stars, and that we may rralwe ht a faint 
degree sornethingof the time when stars and sun have eeascil 
to shine and grown cold. 

REMOVAl. OK KOREKtN mnUKS I ROM Tilt: K.VK. 



When a cinder, a piece of rock, steel, «n other foreign 
substance gets into the eye, the Hufferer is desirous of bring 
gg relievetl as tpiirklv as pits- 

sible, not ordy orr account 
ol the pain ami rhscomtort, 
but alsi» «»n fu count of the 
apprehension of the object 
becoming tm»re and more 
rleeply embrrldrtl iii the 
tissues, am! the production 
ol serious inllaiiiitiati»»ii 
which actaniipanirs any in- 
trusion ttl lilts kind, and 
which IS likely tfi last lor 
some tunc alter the removal 
ol the loreign sub'^liitHT. 

We are usnallv averse 
to alltiwing itny tme to tiird- 
dle With our visual organs 
especiidly when it invsdvr*. 
anything akin to a suigicai 
Magnifying Glass and Flane^ Mirror operation, so that it we can 

help ourselves when we 
meet with a misl«»rlunr of 
this kind, it is our jdeasure to do so. 

When the object is of such a st/,e as to tie readilv visible 


used as a Substituie hr a Concave 
Mirror. 
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in an ordinary mirror, persons vvitli normal eyesight can 
easily locate it, and, in ninety-nine cases in a hundred, can 
remove it without aid by using a finely-pointed pine stick, 
the extremity of which is moistened and bruised between 
the teeth sufficiently to destroy its rigidity and make it 
brush-like at the very point. Often the foreign body is so 
minute as to be undiscoverable by the means named, or the 
vision may be such as to necessitate the use of spectacles. 
In cither of these cases the ordinary mirror will not an- 
swer; a concave or magnifying mirror is needed. This will 
show the object without using f?pectacles. 

When the foreign substance consists of finely divided 
particles such as sand or dust, a wet camel’s hair brush may 
be used to advantage. When the substance cannot be 
removed in either of these ways, the services of an oculist 
should be secured as early as po.ssible. If the magnifying 
mirror is not available, a pocket magnifier having a diame- 
ter of I or I ’4 inches and about or 3 inch focus may be 
used in connection with an ordinary mirror, by placing the 
magnifier in contact with the face of tim glass, as shown in 
the engraving. 

AID ’I'O VISION, 

When age creej)S on and vision fails, so that eyeglasses 
arc essential to the close examination of near objects, it is 
vexatious when a person dependent on eye glasses finds his 
glasses have been left or lost ju.st when they are needed 
most. If the light is strong, the angle of vision may be in- 
creased as the angle of the photograph lens is increased ; 
tliat is to say, by the use of a diaphragm. I'he reading or 
seeing is to be done througii a pinhole in a card, or better, 
in a piece of thick tin foil. The perforated card must be 
placed as near the eye as possible to secure the best results. 
U is not supposed that this device will take the place of 
glasses, but as a makeshift in an emergency it is valuable. 

A I.KSSON IN COMl'I.KMKNTAKV COLORS. 

A gentleman whose power of observation is active re- 
cently retired in a room luiving white walls and ceiling and 
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{iirnished with yellow window shades, whii:}i wt‘re drawn 
down. Ho was awakened in the iuornin|( by the HiinU|rht 
poiiriiij,^ in tiirouj^h the vellovs’ shailes. I he walls atid eeil» 
ing of the room appeared to him t{> Ik: i»f a light green color. 
His explanation of this phcuumt*nt»t\ was this : I he light in 
passing through his eyelids was tititeil red *, by contitiual 
exposure of the optic nerves to red light they liecame tired, 
so that when the red screens (the eyelids) were renu»ved by 
opening the eyes, the senstition of the complementary color 
was experienced, and, as a residt, the walk atitl ceiling n\%- 
pcared green. After gating at the ceiling until the green 
color had vanished, he chised his eyes and caiveretl them to 
prevent light from entering through the Ikls, when a vivid 
purple, the complement of the yellow or orange ibade, was 
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An object which always interests the mier*»scttpiHt, ami 
excites the wonder and admiration of those who regard things 
microscopic from the ptiint of popular interest, is the circu- 
lating blood in living creatures, Nothing In this line has 
proved more satisfactory than tlie microscopic view of the 
circulation of blood in the tail of a gold fmh. Thanks to Mr. 
Kent’s invention of the fish trough, the arrangement of the 
fish for this purpose has been rendered comparatively simfde 
and easy* 

The trough consists of a metallic vessel provided with a 
thin extension at one end near the bottom furnished with 


long as the fish remains quiescent, all g«:s well, and the lieair 
’ ph 
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jumps out of the tank, thus causing a delay which is some- 
times embarrassing. 

'I'hc uneasiness of the fish is caused i)artly by its unnatural 

Flc:. 86. 






Fiih TrtiuRh with Grids and Continuous Water Supjily. 

position and partly by the vitiation of the water. 'Flic latter 
trouble has been remedied by the. writer, by inserting a di.S' 
charge spout in one end of the trough, and ])roviding a tube 






has been surmounted by providing two wire grids (Fig. 86)^ 
each having spring clips at their end.sfor clamping the walls 
of the tank. These grids are pushed downward near the 
body and head of the fish, so as to closely conftne the little 
prisoner without doing it the least injury. With these two 






Gathering Mfcroncnpic Objecii. 

The conventional apparatus cousistfi of a staff t«i which arc? 
fitted a knife, a spoon, a hook, and a rtct ; Init a ^rriit cJcnl on 
be accomplished with far less apparatus than this. 

The engravinff illustraten a simple device by mraiis of 
which the amateur microscopiat can supply hlmwlf with a* 
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In Fig. 87 is shown a simple device for dark ground dlu» 
mination. Although it docs not take the place of the para- 
bolic illuminator, or the spot lens, forobjectivesof low angle, 
it answers an excellent purpose, I o a metidhc slide, A, 
having a central aperture surrounded by 11 collar, is fitted a 
funnel, B, of bright tin or nickel plated metal, whitdi is prcL 
vided with a downwardly projecting, axially arranged wire 
upon which is placed a wooden button capable of gliding up 
or down on the wire, the button being of sufficient size tti 
prevent the passage of direct light to the objective. The 
light by which the illumination is effected passes the button, 
and striking the walls of the conical reflector, is thrown on 
the object. 


SIMPLE APPARATUS FOR OATHKHINO AN'D FXAMtNTMi 
MICKOSOOI'U’ onjFt'TS. 

One of the difficulties ex|>erieiu:ed by the iH’ginuei In 
microscopy is the finding and gathering of objeetH for ex- 
amination. As a rule, cumbersome apparatus has lR?rn used. 


Fa*. ii«. 



OEtends over the top and down to the bottom of the bag",, 
where it ia again fastened. The spoon is inserted between- 
the bent ends of the loop and turned, and the point of the- 
bowl is slipped througli the loop. 


Tank far Mtcroscoplc Objects. 
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much material as may be retjuired. It consists of an ordinaryr 
tea or dessert spoon, and a wire loop of suitable size to extendL 


Fiu. a(j. 


Imu. yu. 


< V'-\ 


Trunsferrinff MnteHstl to the Bottle. 


around the bowl of the .spoon, luiving the ends ot the wires 
bent at right angles and hooked in opposite directions. To 
the loojf is fitted a conical cheese cloth bag, and to the bottoin 
of the bag, upon the outside, is attached a strong string, which 
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The instrument is used in the manner shown in Fig. 88, that 
is to say, it is scraped along the surface of objects submerged 
in the water, the water passing through the cloth and the ob- 
jects being retained by the conical bag. When a quantity of 
material has accumulated, the bag is turned inside out by 
pulling the string, and the pointed end of the bag is dipped 
a number of times in water contained in a wide-mouthed 
bottle. The operation is then repeated. The objects thus 
washed from the bag are retained in the bottle for examina- 
tion. 

The common method of examining small objects of this 
kind is to place a drop of water containing some of the objects 
upon a glass slide by means of a drop 
tube, then to apply a cover glass and 
remove the surplus water by the ap- 
plication of a piece of blotting paper. 
This answers very well for the smaller 
objects, but the larger ones must be 
examined in a tank like that shown in 
Fig. 90. This tank consists of a glass 
slide, A, to which are attached three 
glass strips, B, by means of cement 
(bicycle tire cement answers well for 
this purpose), the strips forming the 
bottom and ends of the tank. The 
front, C, of the tank is formed of a piece of a glass slip at- 
tached to the strips by means of cement. To vary the thick- 
ness of the body of water contained in the tank, when neces- 
sary, one or more glass slips are inserted behind the object. 

SOME SUGGESTIONS IN PHOTOGRAPHY. 

The field of photography has been enormously enlarged 
by the perfection of the different methods of artificial illumi- 
nation. An entirely different class of subjects is rendered 
available, and persons whose business monopolizes all of the 
daylight are furnished opportunities for the gratification of 
photographic tastes, provided their ambition does not lead 
them to a desire to “ take all out of doors ” at night. 


Fig. 91. 



Cross Section of Tank. 


SOMK SUCICKSTIONS IN l*lIOT( XIRAPIIV. 


287 


In limns past, some fault lias been found with Rash 
pictures on account, of the anxious expression of the subject 
caused by the expected ex})iosion of the powder, or the closed 
eyes which are characteristic of pictures secured by Rash 
lig’hts that an' not practically instantaneous. 

It follows that a Rash lif;;hl must do its work “ ((uicker 
than a wink,” and that it must be ig'nited by some device 
other than a fuse or strip of pa[)er, either of which gives 
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Hunplt; Fla^li 


warning and thus puts the subject on guard. Idash light 
lam{)S are undoubtedly good, but, .so far as the writer is aware, 
they are all limited in certain ways. In the first place it is 
necessary to compress a Inilh to femee air through a greater 
or less length of tube. I his reipiires some eRort on the part 
of the operator, and practically prohibits him from including 
himself antong his subjects, "if lie does attemiit to do this, 
the rubber tube U'ading from the hull) to the lamp must neces- 
.sarily form an unsightly addition to the picture ; and further- 
more, the tube is limited as to it.s length, on account of the 
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air friction, which so reduces the blast in a tube of consid- 
erable length as to entirely defeat the operation of the light. 

After enumerating these objections to the ordinary flash 
light lamp, it is perhaps unnecessary to allude to the matter 
of expense. However, the lamps range in price from $1.50 
upward. 

In Figs.92 and 93 is shown flash light apparatus the cost of 
which is practically nothing, as the needed materials may be 


fio. 93. 



The Flash. 


purchased for a few cents, and the labor involved is a matter 
of only a few minutes. A description is hardly necessary ; 
the engravings tell the whole story. 

Two loops soldered to the bottom of a small tin pan re- 
ceiye a wire which is bent at one end, forming a spiral, into 
which is inserted a little roll of asbestos, A fish line sinker 
IS placed on the wire previous to bending, and near the pan 
the wire is bent to form a shoulder, which holds the wire in 
a stable position when raised, as shown in Fig. 92. The other 
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extremity of llic wire is bent at nearly a rij^ht. an^-le and 
lormed into a loop, then returned to form a practically T~ 
slu4)ed arm with an open eye at its extremity. A stout black 
thread of sufficient length to reach as far as may be recpiirc'd 
is tied in the loop. 

At the point in the surface of the jian where the asbestos 
strikes when pulled over, a shallow cavity is formed by bur- 
nishing the tin with a rounded instrument like a tool handle^ 

Ftt). <J4* 


httixftt'nsivr Tray. 

the tin bein|»; [ilaced over a cup, a box cover, or .something” 
of that kind wliich will sujiptirt the metal around the cavity 
during the operation of burnishing. 

The pan is secured to a heavy wooden lilock or to any 
fixed support by means of tvvo or three tucks driven through 
its rim. One or two boxes (d Blitz-pulver should be placed 
in the cavity in the tin; a few drop.s of alctihol are iioured 
on the asbestos; the apparatius is placed on a step ladder or 
other high support, which is located at the side ot the camera 

t 
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susoended at the back of the apparatus and from i8 to 24 
incLs distant. If the operator is not included among the 
sublets the black thread is simply connected with the 
lower loop so that a rearward pull of the thread will tilt the 
wire arm forward. If the operator desires to include him- 
self in the picture, the thread is slipped into tne eye at the 
end of the wire, so that pulling the thread from the front 
wilUiltthewirearmforward. Now, everything being ready. 


FiG. 95. 



Plate Rack. 


the alcohol is lit, the operator takes his position, pulls the 
thread, and the thing is done. 

When the subjects are so posed with reference to the 
source of light as to produce undesirable dark shadows, this 
trouble may be avoided by arranging newspapers so as to 
reflect more or less light on the shaded side. 

To secure good flash light pictures, two things in addition 
to a good instrument are required ; one is an instantaneous 
light of sufficient intensity, the other is an instantaneous plate 
of the kind known as isochroraatic or orthochromatic. 
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For such subjects as retiuire instantaneous work, the ex- 
plosive powders are useful, and perhaps in the majority of 
cases necessary, but for nine-tenths of the work flash lij^hts 
ol the torch type, usinj^ pure magnesium powder, without 
any explosive, answer perlectly, while they have the advan- 
tage of producing a less offensive smoke and of avoiding 
all danger. 

The annexed engraving shows an exceedingly simple and 


I'li:. ()(>, 



A Magnesium Torch. 


very effective torch fur burning pure magnesium powder. 
It IS similar to some found at tlie stores ; it cliflers mainly in 
the matter of construetiou and materials. A vial, 3 inches 
high and 1 inch in diameter, forms the receptacle for tlie 
powder. The neck of the vial is large enough to receive a 
small rubtier or cork slo(>per (rubber prelerred) having two 
lierforations. In ime is inserted a tidie having its lower end 
projecting ^ of an incli hefow the stopper, this end being 


I'AJ ^ 


i'l %■’. - i v. 


contractctl so that its ajH‘rfyi«‘ i** .ihs'ttt * i* «iiai«rtt‘r„ 
or about as hu'i^c us u si/r«l |<jii I Ins fubr ss i invn! 

over tik rfCfivf the rubber |'i|»e t»v ivlurli flic* bl.isr iiij. 

nisheil to the ap|»aratus. 

In the other aperture 0 } the Hl«.p|*rr is insrilrtl a |nrir 
of tubing of about inch intrnuil tiuonrirr muI u Irir^ih «*! 

3 I itu'iies. The tnijes muv tie “I »»i brass, 

A wire spiral bent into a i irelr aiui trsl .if tlw rwls 

receiv'es a I’oll of woolen eloth, or .1 »4 

fiber, and tl»e end o| the utre the spit.d is briil at 

ri^ht an| 4 ’les, and \vrappr»l .hshiihI fhr tnbr A«p{.offi sih h 
space is lelt all around tiie tube, bii « « t« ihr aod iltr 

inner peirti«ni t»f the .spir.d. The^ndjs **«?■. jpuiiri Mur. 
half tilled with fiiu'. pure uMf^nessutn pM« dn . .oel ihr Jibi.-io. 
niatcu'ial in the wire spiral is s.ituj.ifrd U'hrii 

all tlie preparations for the e\posnie liar*' betounadr, sm hs4- 
inj,^ li^hfirij^ the aleolnd. tin* operator I*Imm s sis 
tlie rubber tidu* ; the i-oneenirated jrf -.fiss up the p- drr 
in the vial thor<nij*:fdy. and the an r-n Ainn‘^_ ti»»' 
lonjeer tube carries the powder fhroni;}» liu- flarue, fhus po*- 
ducin^ a spire ol flame about u Irri hsiils, |no.s 

nupv he rnude if the subjrii is oiu’ irtpinsni,' illumana 

titju. 

Tlie priticipal point to look o«t tor ts to make Ibf nm* 
tracted bUnvpipe of such cap.iciH' rrlalne to ihr 
tube us will insure the coiuparaiivrH' s|sn%" passaip- *4 tlir 
powder through the tlame. ll ihr blo\r|»ipr is !*«» iaigr. liir 
powder will puss thnntgh the fhimr so rapidiv as to Liil f4 
ignitirtg. In this wav a large proportion of thr |»o%%'«lrr in.iv 
be lost; but with correctly proportioned inbrs ihr 
tion is very perfect. 

The writer has taken aimiiibrrol i.or %i/rii j«irrior*i 
this torch. Pure rnugnesium pf»wdrr ran br iisnl iii this 
apparatus with perfect sjitetv, but r%|»!oss%'r tisnl 

in a confined space (such as the vi.il in liii% turrlo arr d.iii- 

germis. 

TRAYS HJH bTVKI.oliNo, iimst*, 

Amtmg the items of ex|trnM‘ in tltr Iwt of tlir aniatriir 
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])hot()gTaplicr’s supplies will he found Inpys for developing', 
fixing, intensifying, toning, etc., and tlie temptation is often 
great to make one or two trays answer all purposes; but 
modi'rn photography forltids the double use of traj’S, so that 
tlu' Operator must either purchase or make trays for liimself. 

In h'ig. 94 is seen, in the u})per figure, a pasteboard blank, 
which, wlien creased as indicated by tlie dotted lines, bent 
up and fastened at the corners by pieces of cloth glued inside 
and outside as shown, forms a foiuuhition for a servlcx'able 

Kk.. 97. 



Tray tllumiuaUir. 


tray. All tluit is required to complete the job is to fill the 
pores of the pasteboard and cloth with paratline. 

'fherc are two ways of doing tins. ( )ne is to dip the tray 
into paraffine melted in a pan of suitable sixte ; the other way 
is to melt tlie paraffine by means of a hot iron and allow it 
to drop on the pasteboard, afterwanl spreading it with the 
hot iron. In cither case a liberal supply of paraffine should 
be left in the corners. Paraffine candles will furnish the ma- 
terial for saturating the tray when paraffine in bulk is not 
available. 

In Fig. 95 is represented a simple, easily made and efficient 
negative rack. It consists of thin wire frames jhvoted to the 


EXrKKlMKN'I'-'^J- >» I J ,\^:\. 

base board uml provitlol wiili * .*! Mi.sti !.«? rrinviui,^ 

the cd^es of the plates. , . . -s 

In Fig. 97 sluuvn a airtlnui 0.41 t^nnn iiltni!isi,sts«.!i 

which permits of examining llie nrg.dnr dimsH' 

the process of cleveh^pUirnf uudiih' iljr 

plate It consists uf a t Wt^-f.Uidle |nn% rl nji an/lr-^s rut Lniip 

attached toa handle ami inid«‘sr»l hv a hnsts’iplsri 1, 4I irtln lor 
closed at the front with a disk *»l daik lu’io' gle.-., ili«- i4isi|i 
is held near the plate. thr light is 

so that the eves receive ««silv Si**’ hghi srilnir.l li».si5, fijr 
plate. Furthermore, oidv a sni.ill srtii»»!a *4 ihr pl.iir r, r\ 
posed to the light at attv time. Wltm !h<- l.oisp r. »‘.f ui »%r 
in the manner tlescriU'd. it is rstlsrr Lml i.ur d.*wu «.u ihr 
table or suspendetl m> as t** light tin* 4.oL s.»i.rss 



t‘!n»rMi4iAiiii* 1 \hi . 

In this cane, which is sli«nv4i n* sjd»' .oid 

elevation in Fig.s, 9K and ♦/> the* hrad haso-j 4 « ^mn.!. while 
the tubular body of the cane t»»rfns ,s l»»i ibr srU’ 

sitized celluloid strip. The hr.id is -nirwr*! i.* ihr 
and carries a plate. A, winch rxIriKb dow ?i ni{*» ihr caiw. 
On the stud, a, projeclittg froiii ihr |»l4ir, is pmin.ilrd the 
roller, B, and at tlie lower end *4 the pl.sir, A, is imiin.drd 
a roller, C. A celluloid sirip, U. passr"^ ihc fidlrts, 

B, C. This strip is preferably iiiadr rmllrs-i bv ^»ililng its 
ends by means of two or three ^tiuhrs or a -atiall piri. 
to permit of giving suitable leriHjoft lo the riir %iis|i 

is guided by rollers, r. rh The , b II, awl 

hold the section, r/, <»f the him tn ihr for.il pl.nir I lir mllrr, 
B, is provided with a stem, r, which rxlrtid'4 llir*»iigh the 
side of the cane head and is furni^lirfl with a wilird /. 
The roller, B, is provided with ptani’s. »io ili.iiiintiralh-' 
opposite sides for puncluHtlg the iilin at llir rmls 

of the exposed portion, ami llie initrr <tiirbiir *4 thr loillrd 
head,/, is provided with cav’ftir%, «, IM |*!rtS. 

tion with the points on the r«*llrr. II, a«s*i !-* ihr sulr ^tl ihr 
can ’ 
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tion which enters inttt nne t»r thr *»! tin- i a\ itir%. ,intl 

thus causes tiie him tn n-^nMet. 

lu tlie cane heat! iic-ar the tthn. Ih. ts M-t iiir»l 4 li, 

provided with a reetatiguiar apetitoif, tin * uliiili tli* 

exposure is nuule. ’I‘t» the I'lttiif *•! liw pi, sir htfipnl ,t 
sluiltcr* X’, tlie piv«»t *t{ vvhiiJs i”* |«s« »I« ’in.**'* I and lui ju-hIjmI 
with asjtriu|4:, /, which tetiti** n* « h**’** ihr •-.loiffr! .usd k*'rp ii 
closed. *rht' t:;usi. w, Ittrmed S«it !|||' htSinr ps.i Hide’ll tttfli 


a notcli, /It itu reifiviiii^ tlu- «-!ul »•! 

! hr 

'•pi iUj-t 

, . . A hliltois. 

/», extends Ihrottuh the hn^ri w.dl i 

4 tl 

ir « -UJi' 

Iira-d. \\ Im'U 

the button,/, is pitnUrd tin- -.ioiits ! 

r. 

j! i 3 ' > ’4 3. 

* ’ ’pro .,itu! Ihf' 

<'am, w, flips the uud oi tlu' *.pt uii', 

•dr ■ 

4*. i!J, p 1 

fisr 'dsuflT'! f<s 

close. 11 it ds'Niii'sl to pf<4»isin tl 

r 

S -'4 0 

« , fl.it '-.hiiltj-j 

mav he opeuet! uuii*- < .lU'tulii and 1 

loid 

1 ■|»rtt . 

. 1 U ‘Sty .V. jsi.iv 

he retjuirutl hi-lnis' ptedunn thr htuf* 

>n, ;P ! 

.0 Oi 

cause the spriiu; totnp. 




Idle lens, /, is phu s t! lu lisr i ,uu 

' A’ S ■ , 

sd OJ ] 

■ ? « *; .( 3 J r i.ii J, »tj 

to the exptJM'il pMrli‘»o «•? th*' Id* 

U, 1 

h ..iUj; 

f ij ' r J3, i .• C 1 Ijr 

cane hesu! is fui'tushrd u ith a -.iiuu’l 

too 

.p’d . . 

ip, • , n im It !•» 

held ill a elosial positi«»u In tl}<- sps 

4 51,' 

* .|l « fi , 

i Wdjrji 0 8-4 

desired to iH.ikf .m rtpoNiuH- thr 

<5 S'H 

• .t! * 1 

j. i-, pjr'4',r*i. 


when the cap,/, uprts , fhrsj ilr i»ult o, e. |>trJi“r’4» 

o{)enins4; the shutter in ^he m.tunr s .ilsr.^dui, »|r s jji.ik- 

iu|jj' the expnsure. Alter llie' esp»»'.uje S’» us, eh- maiird 
head, y, is turned a hall rtn’mlujiiisi, w hrsi ihe s.is«r*,» is 
ready ft»r aiitither nperatiHii. t tl c-Mur'a-Af e> oe* r",.*;,*! a- f»»r 
tlic operator t«» either tanisit llir iuisuIm-i m? e'l^in. ■>»«<'•*. »«r i«i 
attach to the hltu a tnitt»»in^, wlsieh wiH ie»i p.us'-j hriwmi 
the roIlerSi Cl. When tfse filns i..as» he lurnriii ui* Itirilirf, tl 
will indicate that the him isiisril up 


A euwnMr.M « wfi.ux. 

While it may Ih* t«Mi eativ to %i\' itsr phile4'i«»lclrt' 

camera has hud its day, it eaisnot l«* sii'ioni tli.ii m.iipi/iifr 
cameras of various kinds are sijfiefHrdfiig thr 
camera, especially tnurisls ansi nilscrs tt-lm fir*%irc t*i 

accomplish a i^^reat tieal |iho»ei||rii|«l«rallv in a vrn slwni 
time. The maga/.ine camera is in %vl;al titr 
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Gatling’ g'un is in warfare. It enables tlic operator to not 
only .secure a great nuinber of subjects, but it (jftcii allows 
him to get a view which would be lost if the plates were to 
be changed by the clumsy device of the ordinary plate holder. 

The low price and good ciuality of plates and cut lilms 
contribute in no small degree to the succe.ss and po})ularity 
of the magazine camera. There is, however, still a bar to 
its very general use; tliat is the high price at which these 
instruments have been lu’ld. As their construction has been 
somewhat eonpilic'atetl, and as good workmanship is neces- 
.sarv to insure accurac'v and reli;d>ilit v, tlie c'ost of nianulac- 
ture has been so great as to warrant existing prices. 

riu‘ engrtiving represents a magazine camera whitrh is 
rt'li;d)le in its acMion and at the .same time so simph' ihat 
its conslruetion is (piite within (he range of (he amateur or 
tirdinary nu'clianic. 

.\ plate holder<tr kit is re(iuired for I’uch plate or lilm. 
The htilder consists of a hard .vood frame a lift k; larger 
inside ineasurenumt than the plate or (he lilm holch'r, with 
a piece of thin veneer glued to the back. 'I'luruppC’r edge 
el each holder is beveled on the front, widle the lower edge 
is bevelecl on (lu* rear, as shown in I'ig. loi. ’Pwo washeis 
or burs let into the upper part (»f the frame project into the 
space which receives the plate, and in a recess in the Itjwer 
jsart of the frame is pivoted a button whic;h, when turned 
transver.stdy, liolds the lower edge of the plate in the holder. 
In the ftu’c of the holder at the ui>per corners are formed 
notches for receivings the nibs of the liooks wliich are used 
ftn* cluntging the plates. 

'rijc camera box is divided by a vertical partition into 
two compartments. In the front crompartment i.s located the 
lens and shutter, while the rear compartment i.s subdivided 
into two similar chambers by a horizontal partition, which 
extend.H ttnvard the vertical, leaving a. space which i.s sunicient 
to allow the holder lying in contact witli the vertical parti- 
tion t(» he transferrecl from the upper ehamber to the lower 
one. 

To the rear end of the camera box -which i.s removable 
—is attached a pair i»f pillow springs, which hold the plate 


298 


KX I'ERI MENTAL Sl'l FA‘t I ~ \ ITEM 'I 


holders in the two chambers in contui't wtflt rln- vrrticai pai 
tition. To the end of each sprtnij;' atfaiin-d 4 l.ilhn^rs 
which bears ag-ainst tlie plate hoiders. The isppe! hillinir 
has square edi^es all around; the upper edi^r «*! fhr hiwr 
follower is beveled in the same luamtc-f ,t\ flir plat** Imldf} 
The vertical partition has tipposit** the Ims 4 irt tatii^yLn 
opening-, through which tlie plate is e\puM*d, ami in iht* ver 


Eu*. lou. 



Thts Shuii**r. 


tical partition arc formed grooves alsmt thrcc-sisleniltw inc( 
deep and wide In the bottom ol the Is.v. opposZ ,rJ 
grooves, are formed mortises, for receiving iL f.sl" 

of these rods are reduced in thickness, and Iwnl rcarwtr.i 
slightly to cause the nibs at the ends of the bar to enter the 
notches in the upper corners of the In.lder, After the lirsi 
P is exposed, the shifting rod is pulled down, thus carrv. 


A CONVENIENT CAMERA. 




iii'f' the plate hi)lcler I'min the upper cluuuber tlownwurcl into 
the lower cluunber, in front of the follower, which is forced 
bai'kwai'tl bv the t'ti^a',^ement of the beveled lower edf,a‘ of 
the j)late holder with the beveled upper cd^e of the follower. 
Alter the second ex[)os*..re, the plate holder is drawn down 
in front of the first plate holder, and so on. 

It will be seen that the inajj^azine niav be made for any 
number of plates. 

'I'he lens in the canu*ra illustrated is ii wide anj^le achro- 
matic of short focus. It is lixetl at .such a distance from the 
plate as will enable it to cut a clear, shai’i) imaj^e at a dis- 
tance of eight feet. No focusing mechanism is providetl, as 
it is found that better results can be .securetl in a camera of 
this kind by having the lens in a fuced position. I'hc lens 
tube is providetl with a rcvtilving diaphragm located between 
the lenses. 

Len.ses of this kind, suitable for hand cameras, can be pur- 
chased from the dealers with tir without a shutter. A very 
simple and eflicient shutter is shown in Fig.ioo. It is in.serted 
in shits formed in the lens tube, behind and very near the 
diaphragm. 'I'he narrow cud of the plate, A, forming the 
fixed portion of tlic shutter is provided with ears, c e, which 
act as guides for the slide, B. A clip, e, }>laced on the lower 
entl of the plate, A, guides the lower end of the slide, B. It 
is held in place by a lip on the lower end of the plate, A. 
The plate and the .shhle are eacli provided with a circular 
opening a little larger than the largest aperture of the dia- 
phragm. 

To the {date, A, is pivoted a s{)ring-pressed trigger, d, 
which engages the notches in the edge of the slide, B. One 
end of the ,s{jring, F, is insertcel in the jilatc, A, the other end 
being attached to the slide, B. The u{){)er end tif the slide, B, 
is bent over and perforated to receive a stout string, which 
extends through the to{) of the camera and is u.sed for setting 
the shutter. 

To the inner surface of the camera top is attached a flat 
s{)ring, the free end tif winch {irojects over the horis'ontal 
arm of the trigger, d, and is {»rovided with a button extending 
through the camera to{>. By {ire.s.sing this button the trigger 
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is operated and the slide, 11, 
ried downward l)y the spring 




Mug^iKinc U.ifu! 

A, coincide for an instant, thus tuiiking tlir t-Ji 
change the diaphragm it h necessary to o|irfi 
the camera. To prevent the exposiirt? tif the |» 
ing door (not shown) is provlck?cL whici 1 elost^s 
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in the vertical partition, preventing' the access of lig;ht to the 
plate, h'or time exiujsures tlie sluitter is set o})en by catch- 
ing' the trigger in the middle notch tuid u.sing the cap. Tlic 
s])eed of the shutter is varied by using springs ol different 
strength. 

The tk'nnan edition of “ Experimental wScience ” contains 
tlic following description of a magazine hand camera, Ing. 
I ij, which, singularly enough, strongly resembles that above 

Fft: 102. 


f-- 
( - ■' 

L--- 



Ui 


• * 





1 Jn 



,1 

11 

>'■* 


m 




ii 


B ■ 




Impravtsu iland (.iunera 

shown. It was itt vented by Dr. Krugener, and differs in 
some respects from the above. It has a large finder, which 
includes the same area as the plate upon which the impres- 
sioii is taken. The finder lens is above the view lens, and 
the plates are transferred before the impres.sion is taken 
instead of afterward, as in the camera above referred to. 

A mahogany casetff ctmvenient form is divided into four 
compartments by horizontal and vertical j)artitions. Division 
b cemtains a mirnir, b\ placed at an angle of 45 “, which throw.s 
the image formed by the lens, ///, upon the ground glass,/,, 


* 
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SO that clurin^^ the taking n{ the iinprcssicu t\w |uiNi{ion oj 
the object may be ol»serveil. Divisimi a i JiofatJis hum i-' tu 
2.1. sensitive plates, hrmly presseti by a spiraKpriH^, bv whu !i 
they arc moved f(»r\vard. when i>nr u! the plates in ibvistim, 
(/, is shifted by means of the tnmslerriiij* rud. /.su that it niav 
receive the light from the ubjeet glass, O. The nr\t plate 
moves in front of tlie one already eyposed. lu rry plate is 
fixed in a small shield, st» that the h»rward plate piutreis all 
those behind it from the injnrinns inHurtu’e ot thr light, Fhe 
object glass is closed independently of rite ’-hutler. riu* in 
stantaneoiis shutter is placed in a comparltuejh in fmnt uf thr^ 
objective, and is therefore out of •^ight ami piiiteeted fium 
injury. 

( I.nftJ fllM ! I H.K.\l*!tV 

The annexed lialf l(»iie engraving is fruin a % lond photo, 
graph taken by Mr. A. j. Henry, of tite \\“eather Huumu. 
This print was matle from a single nrgativ«- taken with 
one exposure, and it is thtanigh the courteHV Mr. Heni v 
and Mr, MeAdie, of tliis Imrean, that we ar«* rnablerl ts» 
give our readers the secret of this remarkable effect. 

The picture is taken through a tnomniinmiatic m rrrji. 
The one found most effective istliat formed of a Hatnralinl 
solution of bichromate of potash inch»sed in a plate gia?*s 
cell having parallel sides. The eon«*truethin of this cell Is 
shown in the second cngravitig, in wliich u u are sjptarrs of 
plate glass and d h a ring cut from a glass iuIh- ami ground 
to render its edges parallel and smo«4h. One siulr «»f the 
ring is perforated and furnished with a Htopprr, The ring 
is cemented between the two glass plates with balsam of tir 
or other suitable cement. The safurated solutiou of bit liifc 
mate of potash is introducetl thrnugfi the perhualitm, and 
the cell thus made is inserted in a piece of cork.r, wliich fits 
over the collar of the cutneru lens. I he proper thickness 
for the cell is .shown in the engraving; the diameter will, of 
course, vary with the si^e anti the angle «>f the Irns. The 
exposure for the negative fr.>in which our illustration was 
taken was four seconds. 
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rubber band, a jiicce of black velvet, and :i })iece of lliread 
constituted the materials, and the time recjuired for making 
tile apjmratus was twenty minutes. 

In the center of one of the pieces of pti.stcboard was 
iorinetl an ajierture to lit over the threaded end of tlie lens 
tube, and in the cemter ol the other oblong piece of paste- 
board was formed a wide transverse slit, and a piece of black 
velvet wasattaelied to one side of the pasteboard and carried 
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over the ed^es around the slit. In the absence of other 
lorniH tii wire, lour hairpins, a, were straightened, the ends 
ol each enie bent at right attgle.s iti the same tUrection anti 
insertetl in opposite edges ol the [lasteboard above and below 
the lens tube. Two ol the common pin.s were in.scrted in 
the fnmt of the hiwer part of the movable portion of the 
shutter, from opposite directions, forming a cleat for the re- 
ception of the piece of thread, and in a .similar way two jiins 
in^rrtfd in the stationary nastebuard. A slender rub- 



KXI'KHIMFA l Al. Si !F\t I Afi'lXMX. 


! ' 


3()rt 

her haiul, it, was strctciu’cl artnuul «»|*|»* »Httf riuis 

of the picees til jiastebtiartl within the wiiv aiui'*. n. aiul was 
prevented frtmi slippinj^ by the en<k i>l the ariiis whtih 
entered the pasteiuiard. 

This shutter was set bv raisini^ the frtini part s«» a% tu 
brinj^ the lower iniperhuate purtioii U|«aisisr llir ul the 

lens tube, thereby shutting nil tiie li^lit, thru briu^iitl* the 
thread, r, already atlachecl to the t*i«'at «»n tlir statinuai v 
part, aroutui the cleat on tin* lunvahle |»arl. Hie evptiaire 
was made by euttini^ the thread by means «»! a pair nf m is’ 
Stirs as shown in Fi^. IU 5 . 'Fhe IncuHin;; was u htlrihe 
shutter was held open liy ano^ icr tluead, */, h.nisu^ .1 In »n 
ill it, whii*h was slippcnl on the Imnl eleat. as sh»*«n in 
the h|^ure. 

To make ti slightly prolonged espusyie. tt»e tlirc'ad, *. 
which held the shutter closed, was eut hrst an slmun. 
The looped threutl, d, wliicli held the shutfei M|irn. was 
eut immediately alter it, the time ela{»sin|» between eisftini* 
tlic first and second tlireads bein*f the* time ol e\|»*i*»uir 
The rapidity ol the shutter is increased bv adtiini* anniiirr 
rubber baud. 

llKVKl.OinXO, INTKNsttVtSi. AM* ItXtXn. 

Rodiual, a new photoi^^raphie developer, iiivriitril »»r dis 
covered by Dr. M. Anderson, ol Berlin, is one *4 tlir lirsl 
develojiers known. 

It is very simple ami elective, h works rapitllv iimi 
produces ^ood results. 

The directhms for its use, as furnished by the itiamiiat". 

turers, are given below ; 

I'h’cpure a diluted developing solution bv adding to i pari 
ol rodinal, by measure, jo parts ol water, by iiiraHtiir. 

Developing should lie eommentml with ttds soliiiioii. 

The image, even on under-exposed plate**, will a|*|»rar 
ratlier nipidly, though it will recfidre three or four tidnulrs 
to bring it .out fully, ulhiwhig suthcieiil lime !«* wateh itie 
progress of development 
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contrasts. Should thoro he a considerable under-exposure, 
add to the soluthai 5 to 10 parts of water additional 

Rodinal not hein^ litdilc to fojr the iiuaj^e, developing' 
inav hc‘ coiitimunl [or a very long lime. A soft negative 
will then be obtained with an image properly and luir- 
mt)niously worked up, which, it rettuired, may be intensi- 
lied. 

2. Should the plate, on developing with a solution 1:30, 
piove to be ove!«eKpt»s<'tl, remove the developer from the 
tray, anti add to it, in onler to make it work with greater 
etmtrasts, an ample tjuantitv of a .sedution of bromide of 
potassium ami a few tlrojis of undiluted roilinal. 

To this end it will be hmnd usefid always to hold ready 
a solution ol t juiit o[ bromide of potassium, 3 parts of 
water, 3 parts ot iindinal.to be added by drops. 

“The lollt«wing fot imihe are furnished by John C'arbutt : 

A« tt» l IXlNa. AND fl.lCAklNi; HA'III. 

Sidphurie at'itl i drachm. 

1 1 VDosidphite of stula jd ounces. 

Stdphite of soda “ 

Chrome alum ‘ . i “ 

Warm water . t'4 

Uisstilvr the h\ posidphite of soda iti 4H ounces of water, 
(he sulphite «»f notla in ti tmiiees of water, ndx the sid^iliuric 
acid with 2 tnmt es of water, ami pour slowly into the sub 
pldte hotia solution, and ad«l to the hy posuli)hite, then dis 
solve the chioinr alum in H onnees of water and add to the 
bulk of Holution, mul tin* bath is ready. This fixing bath 
will ntit discolor until 4dtef long usage, and both clears up 
the shadows of the negative ami hardens the film at the 
same time. 

After rtegative is cleared of all appetiranee of .silver 
hromitle, wash in running water lor not less than half an 
hour to free fr«»m any trace of hypo, solution. Swab the 
.surface with wad t4 ivet cotton, nnse and place in rack to 
dry spimtaneously. 

• rmtsfig ttw »»riSv % uutife af'rhfuttw alum In alit.ivf*. 
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Water ..•«» utnu't's. 

Sulphate tjf < 

Sulpliurie tieitl . t 

Ahun > 


If, after tievehtpitijjc and hxiii^ the nei^utive, it is hmnd t«» 
be. stained yellou* frorntiu* pyrn, tn hvdrtiehijinn dc-vr!«i|uu. 
first wash well t«> remove hvpusvdphite, then imiurtsr in 
above solution until the stain is renn»ved; aiiain wash well, 

and dry. 

It will iinpnjve lantern slides tt> immerse them lor a lew 
mimjtes in the clearing s«ilution aitei beitt” well treecl Irom 
hyposulphite. 

I N rKNStt V t N t . so t r I tt »\ . 

////fVAv//^Vfi'//V»r/.— VVith eorreet expc^sttre and developrnetit, 
intensification need never be r{*s«»tted to. I'tie folli»uini» 
formula is, hf)wever. very effective, and the imisi petinaiient 


of all methoils. 

No. i. 

Bichlor. mercury i grains. 

Chloritlc ammonia. ..*40 

Distilled water 40 cmtiees. 

N<j. i. 

ChltJride ammonia ... 440 grairtH. 

Water. 4o ounces. 

No. 4. — Cyanide Silver Sohtti«»n, 

Distilled water b ounerH 

Cyanide p(»tuss, c. p. f’»o grains. 

Distilled water.. . ... 2 ounces. 

Nitrate of silver , r^j grains. 


Pour the silver into the cyankle solution while sttrrmi: 
and mark bottle “ Poison.'* 

Let the plate tt> be intensified wash lor at least hall att 
hour, then lay in a 5 per cent, stilution of idurn for ten mifi» 
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utt's, uud wash thoroughly; this is to insure the per- 

fect elimination of the hypo. The least trace of yellow- 
ness after intensifying shows that the washing was not suf- 
ficient. 

h'low sufBcient of No. 1 over the negative to cover it, 
and allow to either partially or entirely whiten; iJic longer 
it is allowed to net, the more inte}tse will he the result; pour 
off into the sink, rinse, and flow over No. 2, and allow to 
act one minute; wash off, and pour over or immerse in No. 
3 until changed entirely to a dark brown or black. No. 3 
can be returned to its l)ottlc, but Nos. i an<l 2 had better be 
throwji away. Wash thoroughly and dry. 

RKIttUTli»N. 

If, in cases of error in development, the negative is 
loo intense, the high lights may be .safely reduced by 
the method of Mr. Howard h'armer, viz. : Ferricyanidc of 
potassium (red prusslate of pota.sh) i ounce, water 16 
ounix’S : hyposulphite (d soda i ounce, water id ounces. 
Immerse tlie negative in sufficient hyiu), .solution to 
tan'cr it, to which have been added a few drops to each 
ounce of the above ferricyanidc solutu n ; the speed of re- 
duet ion depends on the qnantity of ferrieyanide present. When 
sufficiently reduced wash thoroughly. To reduce locally, 
apply the mixed solution to the wet negative with a camel’s 
hair brush to the parts retiuiring reducing. 

WHY ARK STKKKOSCOPIC PRINTS TRANSPOSKD? 

l‘his problem, although very simple, is somewhat j)uzzling. 
The stereoscopic prints are transposed to bring them into the 
position the object occu[nes vvlien .seen with the eyes. The 
two pictures numbered i and 2 rcjiresent the view as seen 
with the two eyes, the one marked “ L" sliowing the view 
as it appears t<) the left eye and the one marked “ K ” show- 
ing the view as it a|)j)ears to the right eye. hiuch tube of the 
,Hterecmco|»ic camera inverts its own view ; therefore, when 
these pictures are turned a half rev'olution in tlieir own planes, 
as shown In the second engraving, they rejmesent the image 



KXrKRIMKN* t AI. M tKXi t Al'liM 


Other, the left hand view appears in fnm 








tastrowwi ter 


kind for viewing tin- j»ieUirr<* slirn ih, ttiilpnit ilir ii-tr i#l :i 
lantern. Severn! iiwt rumen of tlmrnrirr fyiir iic-rti 
devised, mcM nf whkh ndmil *»!' ilip trn* «>l tmli' rutr rye, 
thus making the exiiminatfun *»i ilip vtv%%\ iirrsiifiir .iit«l iiit- 

satisfuctury. 

Fig. loH shows a very tTmivefiimi iii%irtfifsriji fpr itiis 

purpose, in which iMrth ryes are ti^rd, mi rlfert 

which is alrnrist siert?t*Mt-ii|ni'. j'fir ifi%itii#«r«ii, tt'ltitli i% 


rilK ni'.I.UU’HRoMoSCol’K. 

shtnvn in MH’tion, t'nnsists o] t wo tin tubes slicliiiir one 
within till* other teleseopieallv, and mounted adjustably on 
a standard. 'I'he lower end of (lie tube is ])rovided with 
two grooved guides similar to tho.se used in the lantern for 
receiving slides. In the outer guide is placed a ])icce of 
fine ground glass, ami the slides are in.serted in the inner 
guide, Behnv the gnnmd glass is hinged a rellector lor 
throwing the light thnengh the ground gla.ss and slide. 
To the upper eml of the telescopic tube is fitted a wooden 
ring in which is placed a plano-convex lens, with the plane 
side out. It is of sufficient diameter to admit of the use of 
both eyes in viewing tlie slide, and has a convenient focal 
length. ( )ver the glass is placed a screen of black j)a[)er, 
with tw<i apertures of alxuit the size and shape of the len.ses 
of an eyeglass, as shown at 2, and around the opening in whicli 
the lens is plaeed is arranged a hood lor sereening off ex- 
traneous ligid. The diameter t>f the plano-convex lens is45j 
inches and its foeal length is 15 inches; the telescopic tube 
is s inches in diameter, and when extended lor use lias ti 
lengtfi of u» to 12 itiche.s. 

By thus pla(!iug the plane side of tlie lens out, and ar- 
ranging the slide within the focus t»f the lens, the sitherical 
aberration is almost tivereome, ami both eyes are enaliled to 
view the picture, ‘rhe effect is very satisfactory, and, as 
the view is considerufdy enlarged, at the same time being 
seen with both e\ es at short range, the picture ajipears 
practically stereoscopic. Witli daylight only the plane 
mirror is required for proper illumination when the light 
comcH from the sky or some plain light colored surface, but 
for lamp or gas light the lamp should have a plain porcelain 
or ground glass globe, or a piece of smooth white paper 
should be laid over the mirror to furnish liglit of tiie charac- 
ter requiretl. 

Tt t K J t rJ4« k:I t HI > Most -o CK. 

Although photography in colors is not yet an accom- 
plished fact, and althmigh none of tlie exjierimcnts encourage 
the hope of its early accomplishment, yet, hy a very interest- 
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partitmn huviiig' the trur e«|*»r v.iliir^. The |s.,irliai images 
are identical as rejgards jMiint §»f %'ir%% .4«*i %i/'r ; rarii *»fir, 
however, l>einic tnmsparriit *ir «rtilr m tlttisc 

portions which represent the fiiiithiftinit.il i. *il«r lirlisiiftiig to 
the partial itnage. Accoriiliii^ toifir iti*«lr#t* tlirt#ri' tif rolnf 
vision, red, ^reen afid violrl are t.rMM^iflrrrfl ilir priitiarf 
colors; ccaiHiftiuentlv. the tlirer thi'ftitr% rri4-r%,riit 
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tluv!* t oll M S, uul wlu'u vicwcil throu^ii an instrument pro- 
\ itlr'tl with fftl. and violet colored screens, and fiir- 

iusIhhI with means lor hleiulin^L^ the three images into one, 
all the colors ol the subject are shown. 

riie simple itistrunient by which these pictures are super- 
impose<l is sluuvn in Inj;-. top, and the arran^X'iuent of the in- 
ternal parts is sliown m Fig', no. In the lower part of this 
figure is seen the triple transparency, or “ cliroinograni,” as 
the invenPu' chooses to I'all it. Above tlie three images are 
ai ranged three colored sc*reens, marketl k, (r, and V. The 
iiiiiige below is ti'ansparent to red, l)ut opacpie to other 
coloi s, evt'cpt in so t.iras it enters into combination with the 
(ithei cohns to produce* interim*diatc tints, 'fire same is true 
ol the image below the colored .screen, (l,this lihotogniphic 
image* being ti'iuisparent to gre*en and to other colors only 
a'*' gre*<*n e'ombincs with othe*r c'oloi's to pi'ocluce intermediate 
shade's. The same alse> applies to the picture nndcr the violet 
se're’eji, it be*iug transparent le» violet and opa([ue to the other 
colors. 

Alter passing the cedirred screetis, the images arc super- 
tuiposeil by a series td transparent unci opaepic mirrors. By 
billowing tire line ol tlie light beam passing tlirough the red 
t olor screen, it will be seen to inpnnge on an opacpie mirror 
near tlie top of the instrutnc*ut, whence it is rclicctcd 10 the 
upper sut lace of a tr-ansparent mirror, thence upward through 
the eyepiec e. ‘Fhe light passing thrarugh the green screen is 
received on an opacpie mirr*or and reflected to another opacpie 
mirror at the center of the upiiaratus, from which it is re- 
flected through the two trunsjiarent min-ors above it to the 
eyepiec'f. fhe light beam passing through the violet screen 
is refleeted by an opaque mirror to the transparent mirror 
at the renter of the instrument, thence upwartl through the 
transparent mirror to the eyepiece. Thus by means of opacpie 
and transparent rntrror.s the three colored images are super- 
imposed, and liy tneans of the transparent and semi-trans- 
parent portions of the picture, the amount of light from each 
portion of the Image reepnsite for producing the colors and 
their gradations is thus made to pass through the screens, 
mirrors and eve jdece to the eye. A reflector is placed im- 
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giving every eoler and every jiossihle gratlalioii of light iincl 
sliade as laithiiilly as the object itself would tlo under the 
nu»st favorable eireiuustances. 

The inventor states that the ehroinograin is a |)hotograph 
made in a special camera, with no umre operations than art' 
reipured to makt' an ortlinary photograi)h, so that we are led 
to believe that before very long' amateurs havingthe sj)eeia1 
camera and the instrument through which to view the t)ic- 
tures will be able to show pictures in natural colors as readily 
as they t'an now shtjw ster(*osco[iic views. 

Mr. h •es, by means of different aptiaralus, has projectetl 
phot<»graphs in colors on the screen where tliey could be 
viewed by a large munber of spectators. 

It is an ititei estitig fact that a trii)le negative jdaced in 
the instrument in place of the positive shows colors com])le- 
mentary to those belonging to the (»bject. 

M.nLV‘l!»Kl At. MAN’Ii FOR SMAl.I. TKLlvSCOl'KS. 

One httur's use of ati etpiatorially mounted telescope wdll 
eonvince the amateur telescopist who has been used to the 
alta/inudh stand that the advantages p<»ssessetl by the ecpia- 
torial are very great. The ease with which an object may 
be followe<l, ami the facility with which a star can be found, 
when the moimtitjg is provided with graduated circles, vvhich 
may even Ik* crutle, warrant the outlay if the stand be pur- 
chased, or the labor and expense, if the amateur sliould 
chotjse to make the stand with his own hands. 

rhe writer, adopting the latter plan, constructed a very 
Hatisfaettuy ecpiatorial staiul, using stojicocks for the (wo 
axes, as shown in perspective in Fig. 1 1 1 and in detail in Figs, 
lu and 113, and although the construction may be readily 
untlerslotHl by reference to the illustrations, a few words 
t*f explanation may he of service. 

The telescope for vvddch the stand was made has a 3-inch 
objective with focal length of 40 inches. The tube, which is 
of brans, is re-enh»rcetl by an internal plate, held in place by 
screws, and this plate receive.s the screws by which the 
attachment to the stand is made. 

On the ttj|) of the wtJCKlen part of the stand rests a brass 
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disk, wliich, tu^ctlu-r with tit.* I»ra 
t)f the telesc(»j>e supj>t*rt. In thi* 
s-'cured tiprif^iit eml B, w 

their upper ends 


Between the plates, B, is placet! a f Hervict* 
the ends nf which are plu|^|,*^etl, am! tlie Ht|yart* rnd 
plugs arc turned, funning rmuniuiis, wliicli enter tl 
nuittns «f the plates, B, but d<» ti*»t pass«|iiite tliruu^ 
trunnions are tappeil tu receive screws, un which ar 
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waslicrs, whicii Iumt against thr phitfs, H, and cUuni) them 
a|jfainst the eiuls nt the st(»pi‘iu'k, which is faced off so that it 
is oi exactly the* same lenj^thas the block, A. The trunnions 
lonn the axis itn whicli the telescope is tilted to atljustit for 
latitude, and one of the auji^les of the hexagon end of the 
sttipcock is filed off evtui with the rounded upper end of 
the adjoijiing plate, B, and a line is drawn across the ])late 
ami stopcock when the polar axis t)f the telescope is parallel 
with tlie earth’s axis, so tltat readjustment may l)e uiade 
without trouble. 

riic plug, U, of llie stopcock, C\ has a projeciiiig end, 
haviijg one Hat sitle, t«> which is fitted the usual washer, n. 
'rhis washer is turned tlow n to receive the disk, wliich is 
soldeietl ttt tfic washer. The tlisk, fi, is faced witli wash 
leatlicr. The etui i»f the plug, D, which is thretided to lAs 
ceivr* the nut, when the stopc(K*k is applied to its intended 
tise, is eoverrd w ith a piece tif tubing soldered to tlu; screw, 
and furtunl off to recedve the worm whetd, K, W'hieh turns 
freely ihereoti. 

[ ti the end ttl the ping, D, is fitted a cap, F, which is held 
in place, ami made ti> exert more or less pressure ott tlie 
weinn wlteel, F, by tlie thumbscrew, r, whicli enters the end 
t»f the plug and bears on the cup. The cap, F, is perforated 
to receive two studs projecting from the end of the plug. 

{ hi the smaller end of the stopcock casing is soldered a 
perforated plate, G. which .supports the bearings for the 
worm, n. This w«»rm engagcH tlie worm wheel, E, ami it.s 
axis is fuolofiged beyntul the bearings, to receive the uni- 
versal joint. #4 of the rod. 1, this rod being of sufficient length 

lie easily graspeil by tlie observer. Ffie squared end of 
the plug, 1), which is intemlecl lor receiving the key by 
which the plug is turned, is in this case turned and threaded 
tti fit the bushing, r, mserted m one end of the stopcock, C'. 
Tfir other end of this sttipcock is cut off, and the opening 
thus left is closed by means of sohler. The filug, D', of thi.s 
stopcock is utichangetl so far us the threaded smaller end 
ami WAisher ami nut are amcerued. but the nut,/, is slottetl 
in diametriciilly op|Hwite corners to receive wings which arc 
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lul tluratlrtl tn t revive the h(iss,.i.'-. of the cross arm, J, at- 

lelittl to the trlfsci»|)(‘, j he I'l’oss arm shown is l)uilt U]) 
i pieces ot brass tasteued toj^ether with screws and soldered. 

V eastiu |4 would dsmhth’ss he simpler. The pluj^^ 1)', is 
rilled axiallv f«» receive the counterl)alunce rod, //’ which 



r.i! fj. 






crinvrd info the as imheated in the sectional view, 
r larijri mils of the stopcock casings are rebated to 
rive the griiduated circles, K, K’, secured in place by 

ill screws, 

Owing to the cliiHt? connection of the parts, the circle, 
ha% an anruihir slot which cuts it into two concentric 


LJ 


i Jl't 
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pieces, held in pniper relatimi tt> each ntiicr l»v arms, sul 
derecl to the back of the circle. 

I'his arran^enuMit ;dlo\vs the cin lc, K . tu Hwirn; ticrlv. 

'Fhc hexafj-on end ot the st«>pc«H'k, C* . whii li ret rives the 
l)ushiti^, c. is turned to receive tlu- rin^^ /.c.in vini.: abtnrlrd 
index piece, /.% about A inch wide. A line drawn «i«»wn llir 
face of tlie piece, l\ ser ves as an intlex. In a Hindi.tr wa\ ,t 
rin^,y', htted t(J the Ikjss, .c. serves to i arrv an index lor the 
circle, K’. 

The circles here shown are elet trnt vpt^s made from a 
j^alvauoineter se;de, solilereil to brass plates and sdverfcil, 
some black varuisli beini^ rubbed imo the i^iaduatisms in 
render them more distit»et. 

The ecpiatorial nuumtin^ is sec uttal tn the lirati 4»l tfse 
wooden stand by the rod, e, serew t-tl into the bhu k. A, iitil 
provided with a milled nut on its hover end. 

In iti the mountiiij^ is shown adinsird lor tine lati 
tilde of New York, 40 41'. The screw. < . and nut, /, brinj; 
loosened, and the polar axis hein^ parallel with the eaith's 
axis, tlie telescope is pointed t<» a star or other object, w bnt 
the nut,/, is tightened, thus clamping the drtlin.itinn axis, 
The serew, r, is also tightened, when tlie itistrumenl will be 
made to follow the object liy turning the screw, H. 

Although the slow nmvetnenl is ol great iitihtv. it may 
be omitted ami the instrument nrav he guitled bv ihr hatitl. 
The mounting may be further simpllhed In omitting liie 
graduated circles, and still possess great at! vantages over 
the alta^^imutli niouiiting. 

A stand formed of | service cocks is large rmoiigli It-r a 
3 -inch tele.scope. It has a smooth and steady moiiofi and 
does not vibrate. There is, however, no olijrdioit 1*1 ilir 
use of larger stopcocks. 

It is hardly practicable to apply a driving clock to a 
small tclescojie, mounted upon a tripod. Attiairnis havr 
applied meclianism of dilTereiit kinds, however, l hat src'iit'* to 
amswer a purpose, but none ot these appliaiires would \reiii 
suitable for really serious work. 

One of the simplest devices for the purpose t:(in%i*xtx of a 
rubber gas-bag filled with air and furnished with a weighted 
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hoard oi mnc'ctctl with tlu* toU'scope, the ha”' pro- 

vdtlfd with a v:dvt‘ liaviiij^ a very small openin<j;' lor the 
eseapt' ol air. ”riu' escaipe ol air is re”;ulated so as to 
<*ause the telesc'ope to tollow tlie ol)jeet and keep it in the 
lield 

Another plan, said to lie elfec'tive, is that of usinjjf (piick- 
sand in a evliiuh'r haviiifji; a small rej;‘idal)le dischar^fe oj)en- 
ini;\ anil plaeinj^' on the sand a weij^hted piston which is 
t'omu’cted with the tideseope. It is stated that the Ilow of 
tjuieksuid can he so re|4;tdated as to keep the ohjt'ct in the 
field lor a hall-hour or an hour, 

’rite hints here ^iven mav serve as siif^j^estions. 'I'he 
umuteur mav carry out tlte work in different ways. 'Phe 
reader is rclern d to (iittsou's .\mateur 'relesco[iist’s 
Harnlhook" lor simple instructions for usittf;’ and adjusting;' 
the equatoriallv mounted telescope. 

.stMfl 1-; l.AMI’ SOI ’Kiel' AM) KllKO.STAT. 

In the annexed en^ravinjj^s, h'if4' 114 represents ti simple 
and eflieient electric lamp socket, de- 
si|;ned lor use in experiinenttil work and 
in places when* an ornametttal socket is 
ttot requiretl. It consists simply ol a 
stnall wnothm cylinder in which is in- 
seited the end of a brass wire, the pro- 
jecting portion ol which is bent to form 
a helical cod which hts the threatl of 
the liase ol an lulison incandescent lamp. 

In the wooden cylinder is in.sertid an- 
other brass wire ol the same size, winch 
is annealed, flattened, and bent over tlie 
end of tlie block as shown, to form the 
second connection ol the lamp. 

lothe ends ol the wires projecting 
Iwdow the woodtni cylinder are soldered 
the emis ol the flexilile cord which con- 
veys the current to the lamp. By 
Hcrewmi^ the lump down in the .socket, 


Fiti, 114, 



Simple Lamp Socket. 
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resistance may be used, so that the rheostat can be adapt 
to the current to be controlled. 

With one lamp in the circuit, the resistance thrown 
will, of course, be that of the lamp ; with two lamps of tl 
same resistance, half that amount : with three lamps, or 
third, and so on ; L e., each lamp thrown in in parallel w 
increase the conductivity and diminish the resistance of tl 
rheostat. 

It is not essential that all of the lamps should be of tl 
same resistance. When lamps of different resistances a. 
used, their joint conductivity is ascertained by adding- tl 
reaprocals of their resistances together. The reciproLl ( 
this equals the joint resistance in ohms. For exampL 
take three lamps or combinations of lamps having resis 


the button at the bottom is brought into contact with the 
flattened wire and the circuit is completed. Bv unscrewing 
the lamp, the circuit is broken. 

A convenient rheostat for experimental purposes is 
shown in Fig. 115. A number of coiled wire sockets are at- 
tached to a board and connected with a wire leading to one 
of the binding posts at the end of the board. A correspond- 
ing number of flat copper strips are secured to the board 
and soldered to a wire leading to the other binding post. 
Any one or all of the lamps may be screwed down in their 
sockets so as to throw them into the circuit. Lamps of any 


Fig. 115. 


Rheostat Formed of Lamps. 




HAND FKK1> K-LKCTRIt: LAMP FOR FANTF.RNS. 
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iuuvs nt 50, I5<R ulul 200 olims respectively. 'I'lie recipro- 
cals ol these numbers are 1.50, 1-150, and i-2tx), the sum of 
which is ttj-fioo. The retriprocal of this is bco-ip ; joint re- 
sistance ttf three lamps in parallel will therefore be 31*6 ohms' 
W'here resistanct' fjj'reater than that of one lamp is recpiirecl, 
two or more lam[)S may be connected in series. 

UANO FF.KD Kl.KiTUIC l.AMl* FoR LANTKRNS. 

While a ^(fod automatic lamp is undoubtedly preferable 
tti a hand lump for uses nece.ssitatin^ the absence of the 
t»p(*rattir from the vicinity of the lamp, it is certain that an 
oralinary hand lunij) is not to be des[)ised, and when the. hand 
Iced is supplemented with a magnetic device for striking the 
arc, the tlifference between tlie two tyjies of lamps referred 
to is not to the disadvantage of the hand lamp when the lat- 
tt*r is usetl in a lantern or for some other purpose which 
permits the operator to remain near the lamp, so that he 
ntav adjust it at intervals of about four or live minutes. 

The lamp shown in the illustration has been used for an 
cntiri’ t'vening witimut a flicker. The upper, or positive, 
carbon is earned, and the lower, or negative, is solid, hard 
t'arre carlam. 

On the threaded rn<l extending upward from the base 
plate is placed the sleeve, <t, which is connected with the 
slide holder so as to have a slight inclination, tis is usual in 
lamps for lanterns, in order U> expose more of the face of the 
crater of the ufiper carbon. The slide holder contains two 
slotted .slides; the one hoUling tlie upper carbon being 7I 
inches long, the one holding the lower carbon being 5| inches 
hirig, each being inches wide. To the lower end of tlie 
htwer slide at if is pivoted an arm extending outwardly mnl 
supporting the lower carbon-holding socket. To the arm 
near the joint thereof is secured an upwardly extending stud 
carrying an armature. An electromagnet having an elon- 
gatefl ytike is supported in fniiit of the armature liy brass 
stinls aftachetl a brass cross-arm fixed to the lower slide. 
A curvetl brass spring fastened to the armature bears on the 
|Miles of the magnet and serves the double purpose of throw- 
ing the armature back and the carbon upwardly when the 


{ 

' 
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anuatinv is rcloasnl, aiut »il jm-xt-nfiuy 
sticking;' (n llu* 

I'lic upptM' t'arodi siiiif is pi 
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sttHu* provitU-cl with Ihuif^c's which separate t)ie 

snckels aiul the anus, I'lie heads nl the bolts ai’c insulated 
bv means ot miea \eashers. The holes throinxil which the 
bolts exttmd are nuule oblonjj;' to f)enuitof adjusting;’ the car- 
bons in a wav to secure the l)est results, that is, l)y arran^- 
iu|4‘ the point nt the lower carbon so that it will be slijj^htly 
in Iront ot the* axial line ol the upper carbon when the lamp 
is in opt'rulitm. 

In the slots ol the eurbou-holdiu^ slides arc secured 
racks, which enj^aj^e pinions on the spindle journaled in the 
slid«' luihier (No, 2 ). ‘I'lie pinion for the lower carbon slide, 
has hall as many teeth as there are in the pinion for the 
upper slide, so that when the spindle is turned by the rub- 
ber haml wheed, the txirbons are moved in proportion to 
their rt'lative consumption. 

I'tJ an iusulatiiu;’ strip attached to the back of the. slide 
holder art* setaired two binditiff iiosts (or recci vinf>: the wires 
connecting' the lamp with the current supply. One binding* 
ptist is connected with one terminal of the magnet, and the 
tjfher terminal ol the magnet is cmmectcd with the lower 
carbon socket, ‘riu* otlier binding post is connected with 
tlie upper carbon socket. 

rhe magnet is wound with coarse wire (No, id or No. 14), 
and the urniature is adjusted to pull down the lower carbon 
about one-eightli ol an inch. 'Fhe carbon-holding sockets arc 
formed stiuarc brass tubing, with a screw at one angle 
which forces the carbon toward the opposite angle, and thus 
ermers and aligns the carbons. 

I'hr Edison direct current is suitccl to this lam\) when 
iilHuit HIteen ohms resistance is introduced in series with the 
lamp. A suitable range of current is eight to twelve am- 
peres. 

A rheostat like that shown on page 509, having iron wire 
coils large enough to carry the current, say No. 14, will be 
found convenient. If ct>mpactness is desirable, the rheostat 
may be made of German silver wire, the resustance of which 
is more than twice that of iron. 

The great advantage of the arc-,striking device is that, 
after the carlKins touch, the arc i.s instantly formed of the 
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rif^ht leu^^th, thus saving tiu- tmufjli* i>l aiiv tinr ailiuHtuu-nl 
by huiul, and avoiding- tlu* pnssihilitv «»! auv iimtitiu 

ance of a heavy current on tlie eireuit. A vn v sle^hl turn 
of the adjusting' spindle, once in about tour luinulrs, iusuirH 
perfect steadiness. It is well to tonn a lialhl of thus regu- 
lating the arc after each change of slides, I hr ilittst rations 
are appnjxinuitely one-thirfl si/e. 

rNSCIKNTIFiC AXU SftMN Til* t« lUVtNIXo !;oI»s. 

Notwithstanding the temlencv of si ientifir knou ledge 
and general enliglitenment to dissipate superstititm. the pm. 
portion of believers iij certain kituls tii detnonstrati«»ns alfti 
l)ute(l to the supernatunil is beytim! beliel ; vet when v\ e find, 
on investigating the subject, that many i oint idciu es have 
occurred which seem to establish the elaiiusof the advoi ates 
of such beliefs, it is no wonder that some »»l tliese itotimis 
gain credence, esfiecially in viewt»f the fac t that the tna|oiitv 
of unsuccessful experiment.s are never maile known. 

'I'he divining rod— so called is a verv anciettt devit e, hut 
tfu‘ belief in its efficiency is as strong toalav as it evn was, 
yet lliere is no seientifa'i reason why it slnmld !«' ol any use 
whatever for any of the purjiosesto which it is applied. I'he 
ancient divining rod consisted of a forked twig of ha/el, apple, 
or any fruit-l)earing tree. It was held tn the hands with the 
branches both lying ncjrmully in the same hoii/onfal plane, 
wdth the crotch pointed either ttiwaivl or away Iruiit the 
body (jf the operator. It was earried in this position over 
the ground, and whenever the? ff»rketi twig l»c?rit dowinvardly 
it indicated proximity tt> water, ntitjttrals m* fitelais. The 
same performance is gone? through with in these tiiiirs, arni 
we often hear of remarkable suecesstts altainrd bv iii*tt,lrrn 
oi'jcrators. These successes are tine jntrfly to thr goiwl Judg. 
ment of the tjperator, hut mostly to sheer luck or chafice. 
The dipping of the real is not due to the acthni of the water 
or minerals, but to the vt»Umtary or invotunlarv finivrmrnt 
of the muscles of the hands and arms. If wr as^yme that 
the operator is honest, we must admit the ttiovrmrnts to tie 
involuntary. In using the rmi, the hands are lirld in a 
strained, unnatural posithm, which renders it very tilfhculi 
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(n t!u’ twi^ l(»r any j 4 ;reat lenjj^th of time in the pre- 

sei’ilu'd position without I'ausin^ the muscle.s to twitch and 
thus eoiupel the hraneli to dip. 

I iu' forked twi^' is not the only device in wliicli coil 
hdtmee has ht'en ini.splaced, Ifaniboo rod.s with lodcstone 
in one end and mercury in the other are expected to dij) for 
preritms tnetals and waiter. A pendiiUiin, formed of a vial 
Idled with the kind of ore looked for and .su.s)>encle(l by a 
.strin|»', is supposed to be able to vibrate in a line leading to 
the ore tleposit, provided the device is ii.sed by an expert; 
but it is needless t(» say these are as worthle.ss as the forked 
t wii4. 

t he «lippin^' needle is used for the discovery of iron ore, 
but lid ami silver produce no efTect on it. The only ap- 
paratus likely to produce results of any value in .scarchin/^- 
ft»r preeitms oi‘ non-ma^nietic metals is .some form of elec- 
trical induction apparatus, l)ut such apparatus must nece.s- 
sarily be verv Iar|j;;e to act over any considerable distance. 
Hughes’ induction balance, described eksewhere in these 
pat^es, has been modified to adapt it to lusc as an ore 
tinder. 

As very little has been said about this apiiaratus, it is 
reasonable to supjiose it failed to liecome an important 
factor in the search for precious metals; however, it seems 
clear that any one havinj|i( the secret of lindin|.j; liidden treu.s- 
urc in the shape of ore or coin would not impart the secret 
readily to any or all of the host of itujuirers de.>»lrin^)j an 
easy method of acquiring' riclies. The value of sucli jjro- 
cess would be lieyond estimation, as it could be used not 
only to discover riches secreted by the hand of man; it 
<*»»uld also be utilised in bringing to light the precious 
metals hidden by Nature in the earth. It might also be of 
value to that class of human beings who seek to discover 
and Hurreptitiously draw on the accumulations of others, t 

Huh apparatus, however, wliilc it indicate.s the presence 
ol wime metal, tloes not distinguish between metals, except- 
ing as It acts more powerfully in the pre.sence of magnetic 
metah, Iron or nickel for exanqile, than it does when it is 
plact'cl in proximity to non-magnetic metals such as gold, 
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silver, cnjijaT, lead, or zinc, ll t'' 

meet the exiteetatious ol lumteis hu i;'dd ‘*t Mlvri, 

In the euj;TuviniX, Fij;’. n;. is s!i«»u it an inst ruiurnf t!t \ i'.et 

Ft«.. 117. 


E 1 «cir!c»l Ofr Firttlrf, 

by the writer, in which a coreless Induction coll of |irculi,ii 
construction is used in connection with the telephtme for iir 
dicatinsr the xm 
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coarsi* will”, Nd. iS, and fnnut‘c.'tc‘(l witli a rapid autoinulic 
I'irfuit lirt'akcf and battcrv. I'hc' socondarv c’i)il is made of 
fme wire. No, ji*. and is arrau^i'd exac'tlv at. uncles to i 

the eoaisc wiic foil. A tflfpliouf is coiiik'cUrI with the i 

Sffomlarv foil. It tlif primary cnrciiit; is continuously and d 

rapidlv iutfrruptfd while the coil is not in tlie vicinity (d 
anv tuftal or ma*j;’uetic material, no sound will be. heard in | 

the trlfphouf, as all the inductive inlluenccs arc eciual and : ! 

oppi»sitf-, but when the coil is held in proximity to a body j 

«*f niftal or ma|»nftic ore, (his eciuilibrimn is clisturbed and ^ 

llm sound is hearil in tlie telephont'. i | 

The distauif throuj^h which this instrument is operative ; j 

df pfiuls upon tin* diameters of the coils and the strength of j ■ 

tin* current used in the* primary coil. 'I'he larjjfer the coil n 

anti the larj^'er the current, the i^a'cater will be the inductive J . 

eilect. As the intluclion is effective for only a f(‘W inches in ? ! 

an ttulinarv coil of or 8 int'hes in lenj^th, the instnunent is U 

usehd for minerals Ivitijy: near the surface. It may be used 1, | 

t«» advatitu^e on the sea bottom, ahuig" eliffs, in W'clls and I 

lM»rin|i^;s, and uptm grtnuul tilK)uudiuj( in metals lying' near 
the stulaee, hy simply causing it to pa.ss over or netir such 
surfaces. W'lien it is tt> he used under water, it must of 
i'tiurse be itjelosed in a wute’"pt'(»of easing of non-metallic 
material. Plus iustrumetit is an induction coil i)ure and I 

siinple. 

lltRKK SVHTKMS of KLKCTRK’ DISTRIBUTION. 1 

Whatever effect patent litigation may have on the biisi- 
liens Hule ctf an invention, it certainly is benelicial from a 
scientific point of view, as it brings t>ut clearly and con- 
cisely the principles involved iu such inventions. A case 
in poird is the suit of the Edison Electric Light Company 
against the New Haven Electric Company, the subject 
iH'ing the three»wire system of electrical distribution. 

Without going into the merits of the case, we extract from 
the trstimony some diagrams and condense some of the 
descriptive matter to illustrate as clearly as possible three 
methcK,ls of ektctric distribution. The experts in the case 


1 
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have iu)t only pruviiietl \ fry fhaifit t it u »il ih.i.4J ansn, Imt 
luive fiiniislied water analtiL^'iie*^ i«'t eat h t»l the t a^rs. 

In Fi^. liH is illustratetl li»e series svsteiu tniussiniil\ eiu 
ployed in electric are i‘i htanj*: the engine; Cl. the 

(lyiKinio or }»'enerafor; /» anti h the posirive atui nci,:ati\f 
conductors; and 1‘, 1'. l\ I*, tiie arc lantps. In this t use. as 
will he seen, the enrrent juisses tnaii the Ivsi.emt throui;h 
all tlic laiu[)S in the series. 

In FijuC* t to f4fivt‘n the water anuhtyiie, in whit h I*, is the 
en^'ine, (i the rotary [Huiqn / and n the positive and ne^a 
tive pijies (;onvevin|^ the water. I', I , I’, l‘, watn nmiMrs 
arranged in series and operated cine a(t«*t the cither h^ the 
Wider passinjj^ from the motm, 1 ‘. t<» the inotcn. l .t i the 
motor, F, tlu'nct* to tin* motor. 1*, «%u li motor nsius; its pro 
|U)rtion o( the etierj^y. 

Tn Fi^. 120 IS represented the nsnal imiltiple ait or par- 
allel arranj4;ement of ineuiuleseent lamps, F, as in the tjfhm 
case, heiiifj^ the euf^ine ; (i, tlie |4;enerattii ; /* an«! w, positive 
and ne^xative conductors : and F, F, F, F. lamps takini* tle- 
curreid. frtnn the positive coiulucttn ami delivering d with 
a certain lall of potential to the negative ctnidm toi. 

In I'i^. 121 is illustrated the water anahij^ne «»l the multiple 
arc .system, F heiug' the engine, (,1 the generator of pump, 
F, F, I^ F, water motors taking water from the positive 
pipe and delivering it to the iu*gative pipe, with a fall 
of potential due to the amount of energy ahsot hed in trt«* 
motors. 

In Fig. 122 are shown two like mifltiple art %v sfriitn pl.ieeii 
parallel with each otlier, with the positive rundyMcci ol oiir 
system adjoining the negative comlutlor »»f the adjatc-tit 
system, the arrows indicating the cliredion tif the riirii-iit 
in each system. It will be st*en that if the same aiitomii of 
energy is absorbed in each of these trim systrins, ihr 
negative conductor, n\ of the upper system must rari v 
a negative current exactly etjual to the positive currrijt 
carried in the conductor, /*, <jf the lower syslrfti, ami thr 
currents in these, two conductors, being e«|nal anti o|,»posiir. 
would neutraliife each other if carried on the satiie contltic'- 
tor, as iiulicaterl in f‘’ig, 123. in which the negative comluclor, 
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aiul jinsilivt* c’tuuliu’tnr, are mcr^tal in one. With 
the i^eneratufs, it' anti ('»*, arranfj;'tHl in series, the electromo 
live Im i’f is .jjt! vtilts, whieh issuiieclto two i lo volt lain[)S 
in series. St» lon^ as etiual resistances are placed in tlie two 
parts til tlu' three-wire circuit, the central wire remains 
neutral, and no current jiasses iu either direction ; but as 
sotiu as this balance is distin'bed hy turning ofT or adding' 
tme or nu»re lamps, a curi'ent due to the dirfercncc in resist- 
ance ol the two brunches passes over the neutral wire. This 
svstem is aptly, lliough not i>erfectly, illustrated by the 
water analogue shown in b'ig. 124. 

In tins case, two generators or pumps, Ci', Cb, circulate 
tlie water in the system, the upper outside pipe reprcwscnt- 
ing the positive conductor, the lower pi[)C representing the 
negative c« inductor, and the central pipe the neutral con- 
ductor, Upon each side of the neutral pipe, and com- 
municating with the outside pipes, are motors corres- 
pnuding to the lamps in the electric circuit. So long as 
the (juantity of \vatt‘r consumed by the motors on both sides 
ot the central pipe nnnains tlie same, the water circulates 
bv passing forward through the up|)er pipe, through the 
motors and transversely through tlie neutral i>ipe, and re- 
tiit iiing bv the lower pipe ; but so .soon as the eciuilibrium 
is disturbeil by shutting off one or more of the motors on 
one side ol tht* system, the water whicli would have been re- 
tjuired to run that mott>r must return to the pumps through 
the neutral pipe, or be forced outward tlirough the neutral 
pipe, acc ording as tlie positive or negative current is shut off. 

The Idlisoii tsimpanv holds that the tliree-wirc system 
effects a thecurttc*al saving ol 62.1 jkt cent, and an actual 
saving, due to the use of smaller neutral conductors iu 
the feeding portion.sof the system, of at least 75 per cent, in 
file eost of eonduetors. The conductors formerly repre- 
srnfc*d the largest item iu tlu* cost of the comiiletcd plant. 

1'he value of the invention Is shown by the fact that 
almost Immediately after the introduction of the three-wire 
system the electric lighting busine.ss increased enormously, 
and electric* ligliting was placed on a basis whicli enabled it 
to compete successfully vvitii gas at the lowest price. 
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SOME EFFECTS OF LARGE CURRENTS. 

During some of the earlier experiments with electricity 
as a motive power for railways, in which the rails were em- 
ployed as conductors of the current, it was observed that 
the wheels which received the current from the rails had an 
enormously increased traction while the current passed. 
This was at first attributed to the direct action of the cur- 
rent, then to molecular change caused by the electrical 
heating of the surfaces in contact; but the phenomenon has 
never been fully explained. 

The contact between the wheel and the rail under the 
conditions of actual use upon railways is scarcely more than 


Fig. 125. 



Apparatus for Showing Local Expansion. 


a short line. If the surfaces were perfect as well as infinite- 
ly hard and rigid, the contact would be simply a mathe- 
matical line. In reality the surfaces in contact are very 
small, so that any current meeting the resistance of such a 
contact must produce some heat, which becomes greater as 
the current is increased. Experiments show that a current 
of several amperes, having a pressure of one volt or less, is 
required to secure good results. 

Some interesting facts in regard to the local effects of 
large currents may be demonstrated by means of the simple 
apparatus shown in Fig. 125, in which a long pivoted index 
carries a jaw for holding a metal plate, the edge of which 
rests at right angles upon the edge of a metal plate, b, 
held by the fixed jaw. The free end of the index extends 
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partly over the face of a scale secured to the base of the 
instrument. The two jaws are insulated from each other 
and connected by wires with a secondary battery or other 
source of electricity capable of supplying a six or eight am- 
pere current with an electro-motive force of from one to 
two volts. When this current passes through the metal 
plates held by the jaws, the parts in contact expand instant- 
ly, as shown by the upward movement of the index; and 

Fig. 126. 
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Rocker for Applied Heat. 

when ihe current ceases, the plates immediately contract, 
allowing the index to drop. Although the distance through 
which the index moves is small, it is measurable, and when 
the minuteness of the portion of the metal actually ex- 
panded is considered, it is seen that the expansion is very 
great. Different metals are not all affected in the same 
degree. As would be expected, the effect of the same cur- 
rent on good conductors, such as silver and copper, is less 
than it is on iron and German silver. 

The molecular changes effected in the metals are analo- 
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g’ous to those produced in the lead of the Trevelyan rocker. 
In this instrument, however, the expansion takes place in 
one only of the pieces of metal in contact, the other piece 
being contracted by the withdrawal of the heat by the cold 
metal. 

The form of Trevelyan rocker shown in Figs. 126 and 128 
has been designed with special reference to the comparison 
of the effects of heat from an external source, and heat gener- 
ated within the metal by the passage of a current through a 
point of resistance. The clamps rxiounted upon the upright 
metal rods are arranged for holding plates of different 
metals. The rocking bar, which rests upon the edges of 
these plates, is of cylindrical form. In the side of the bar, 

at one end, is formed a narrow 
Fig. 127. g-roove leaving ridges which rest 

upon the edge of one of the metal 
plates. In Fig. 126 the dark plate 
is lead. The rocking bar, of brass, 
is provided with a light index to 
show the vibrations. When this 
m JIIO bar is heated by means of aflame, 

m placed upon the edges of the 

Modified Rocker. metal plates, with the ridges in 

contact with the lead plate, it rocks violently, and if the 
index be removed, the rocker gives forth a musical note, 
which continues until the heat of the bar is reduced below 
the operative limit. This action is due to the local expan- 
sion of the lead by contact with the ridges of the heated bar 
and the subsequent rapid cooling of the lead on the separa- 
tion of the surfaces. These operations occur with great 
rapidity ; the two ridges alternating in the production of 
the effects. 

If, after cooling the heated parts, a heavy current is 
passed through the standards, the plates, and the bar, the 
same vibratory motion is at once set up, and while, in the 
case of the Trevelyan rocker, lead seems to be the only 
metal available for one of the surfaces, in the electrical 
rocker the results are the same in kind, although different in 
degree, with all the metals and alloys tried thus far. 


Modified Rocker. 



Elcc.iflcul Rocker. 

in wtjrking ponition, without the necessity of leveling the 
bnse of the instrument. The current from one small cell of 
secondary battery or from two large bichromate cells con- 
nected in parallel circuit is sufficient to cause the pendulum 
to begin to oscillate from a state of rest, and to increase its 
amplitude of vibration until it describes an arc of about 30'*, 
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'ft) render the movements clearly visible, a pendulum is 
aonlicil as slu)wn in h'ig. 12S. The ring at the u[)per end of 
lue pendulum rod is provided witli a set screw, which al- 
lows It to be shilted from one rocking bar to another. This 
arrangement also permits of placing the pendulum and bar 

Fig r-ja. 
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The heat generated by the currettt is einuluetrd awav so 
rapidly as to permit of continuous operation. 

By raising the pendulum stJ as to Suing the convex 
side of the rocking bar into contui't with the rages 
of the plates, and drawing the bar along lengthwise ot 
the plates, first without the current anti afterward with 
the current flowing through the apparatus, a great increase 
in friction will be ntiticed as the current passes, the im 
creased friction being due to the jutting out by expansion of 
points upon both the edges of the plates anti the side of the 
rocking bar. 

In Fig. 127 is shown a slightly moditied form t»{ rtirker in 
which a plate with a graduated series of utUelies is used in 
connection with a cylindrical bur. 

In the case of the rocker with the attached peiuluUnn the 
taps of the nicker upon the edge ot the plate are as distinct 
and regular as the ticks of a French clock, 

Lt)N(i UtSTANCK TKLKf'tloNV. 

The diflerence between the ordinary and tin* long dis 
tancc telephone .sy.stetns lies not so much in the iimlrumeiils 
used for transmitting anti receiving speech as in the 
The fundamental thing in the long distance, tele|)lione Is 
a metallic circuit, /, c., a line in which the current retyrtiH 
through a wire instead of the ground. Another important 
difference is that the wire usetl in the constructitm of the 
line is of very high conductivity. By the employment «if 
the metallic circuit the effects of induction are ###/** the 
induction in both wires being equal arul in tipiHisitc three, 
tions in the receiving instrument, exactly fieutritlt/.e each 
other. Where the long distance line is in a cable c:cin« 
taiiiing other lines, the two wires are usually twislcil, to 
subject them both to exactly the same inductive itifliience. 

I hese are important paints, anti it is, of course, nrce « 
sary to employ an efficient trausmitter. Hie one com- 
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unning transmitter,” shown in section in 
lich we are indebted to Prescott's *• Klet 
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Telephone.*’ I'lie diaplirag;ni cell is made of insulating* 
material, and arranged to clamp a diaphragm, D, of thin 
platinum ftiil or lerrotype plate, the diaphragm being 
lieltl in place in the cell by a ring, A. In the cell is ar- 
rattged a back plate, H, of bra.ss, the space intervening 
between the back plate, B, and the diaphragm, D, being 
tilled with a body, (ir, of loose, tinel)' divided conducting 
material, preferably finely granulated coke, sifted so as tore- 
move all tine tlust. Oven-made engine coke is recommended 
for this purpt)se. The binding screws, C, C, are placed in 
€unnecti<»n with the* diajdiragtn, 0 , and back plate, B. 

Flu tao, 



TliP tlunning TrMfismlUtsr. 


This transmitter may be used in a circuit with a battery 
and Bell receiver, or the transtuitter and battery may be 
arranged in circuit with the primary wire of an induction 
coil, the secondary wire being connected with the line 
wires extending to a distant point, and there provided 
with a Bell receiver. This transmitter has been tested by 
ITof. Cross ahmg with the Edisoti and Blake transmitters, 
with the following results: The average strength of the cur- 
rent flowing with the Edison transmitter was o'loo milliam- 
pere; with the Blake transmitter, 0*138 milliampere; and 

.1 t TT 
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'riic* very rtipitl lulviiiu’fs whu'li lu’t'U lu.itit iit (he 

(irt of t hi \* tliroujifh spufi* roiitiiiuo («• .iKt.ii ( ntut h 
attention to this faseinatinj^' snhiet t. \\ h.it sl.itrd 

yesterday to he innM»ssihle has now lier.nnr |Hissihlr. and 
what we rt'^'ard as almost insurnionut»ihh ditiii ultit ** tts»i\ 
he remoyed in the immediate futuie. 

It is my desire in this paper to |,dve a doMaipfionof 
profjj'ress made, with special refereiue lo tl»e irsuIlH ob 
tained hy tuninj^ or synt<ini/injtt: tin- in'.tallatioiis. ho 


Fill, 1311 ^ *** * 



long as it was possible to work only two insbill.iliofiH 
within what I may call their sphere of IntHtriirr, *1 very 
important limit to the practical utili/ation of thr %VHivm 
was imposed. With simple vertical wires, as slnnvn in 
Fig. 1 30 and Fig. ijbconneeted directly to tlir colirrrr anil 
spark gap at the receiver and tranHinittrr, as nwl In* wy- 
seif before 1898,00 really sat isfai-iory In inng wa-^, 

It was, however, possible to obtain a crriain srirrfioii of 
signals if various stations in the vicinity useil vertical wires 

* Paper reati by Marconi before ibe Sooeff of An*. 
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(liifcriujij:; viTy ctiusiderahly iu length. Thus (wo slMtious 
comiuunifatiujx ovrr a dislaiu'u of sa\' live miles uiul usiii|j; 
wires uk) feel ion^', would not iu(erfere with (lie signals 
(rausmidc'd by (lu‘ odier (wo s(al ions, sav two miles from 
(he lirsl. vvhieh were using aerials only 20 feel long and 
conuminiea(ing over a dis(anee of about, one mile. 

The new' nu'thods of conneeting wliicli 1 adopted in 
iHpK~i. e. (see h'ig. 13 b), conneeting the receiving aerial 
dirc'ctly to earth instead of to the coherer, ami by the intro- 
diuiion of a [U'oper form of oscillation transformer in con- 
junction with a condenser, so as to form a resonator tuned 
to respoml best to waves given out by a given length of 
aerial wire— were important steps in the rigid, direction. 

1 reali/etl a long time ago that one great dii'hculty in 
ucliieving the desired effect w'as caused by the action of the 
transmitting wire. A simple straight rod in which electrical 
oscillations are set up forms, as is well knowm, a very good 
radiator of electrical waves. If this was in the beginning an 
atlvatdage, by tUlowing signals to be received with a small 
amount of energy over considerable distances, it proved 
later to be one <if tlie chief obstacles in the way of obtaining 
good resonance in the receiver. Now, as Dr. Fleming points 
out .so clearly in his Cantor lectures on “ Flectrical Oscilla- 
tions and Flectric Waves,” delivered before this society in 
November and December of last year, there is in connec- 
tion with this part of the subject one point of great interest. 
'* Both theoretical and experimental research show that in 
the case tif ctmductors of a certain form the electric oscilla- 
tions die away with great raiiiclity.” In all what we call 
good radiators, electrical t)scillations set up by the ordinary 
spark discharge method cease, or are damyted out very 
rapidly, not necessarily by resistance, but by electrical 
radiuticjn renujving the energy in the form of electric 


waves. 

Many mechanical analogies can be qin)ted which will 
ptnnt out the necessity of designing a persistent oscillator, 
in cjrdcr that syntony may become apparent in properly 
tuned resonators. Actmsties furnish us with numerous 
examples (d this fact, such as the rc.sonance effects jiro- 
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i (liiccd by the well-known tnnin^-lork exjnnitneut. ()ther 

illustnitions of this ppneiple nuiy be i^iven, e. 14., it we ha\e 
to set in motion a heavy p<‘ntlnlutn bv lueaiiH oi small 
1 thrusts or impulses, these must be timed (o the pericnl c»l 

oscillation of the pendnlinn, sliu'c otherwise its oseiUatinus 
will not accpiire an\' penx'ptible amplitude. An illustruliou 
j of this fact occurred to me S(»me time a|^«J wfiih* I was 

i watching' the ringing of great lu'lls in an Italiatt cathedral. 

As most of you probably kinrw, the bells in many churches 
in Italy, as elsewhere, are rung from tire lioltom of the 
I tower by means of rojres attached to the bells. 1 he largest 

i bells weigh sevei'al tons, and it usually r-etpiires twa» men to 

I work for perhaps two minutes on the ropes before the 

combined elTect of their jmlls is sullieient to get the bell 
to attain an amplitude large entmgh to eanse the hammers 
to strike. I observed on the »>eeusion to whit h I allnele 
that it recpiired for each bt^ll a mmtlier <»f well ttmetl pulls 
on the ropes iit order to get them t*) swirrg, the target bells 
requiring impulses further apart i, e.,t>f a hover ftetimmcy 
—than the smaller ones. It is perfeetly oltvitms that if flte 
pulls oil the ropes had been wrongly fintetl it wouhl have 
been impossible, with the same amt)Uttt of power, to ring 
the bells. The same kind of effect happens in a very small 
fraction of a second (instead of several minutest when we 
try to induce electrical oscillations in a gojMl reHonatc»r. If 
the form of this resonator he such as tt» caune it to be a 
persistent vibrator— i. e., one in w’hieh the electrical osclllu- 
; tioms are not rapidly damped by resistance or radiation of 

I waves— then it is necessary for us to employ a niimli«*r of 

I properly timed electrical oscillatimis radiated from a per. 

I sistent oscillator tuned to the period of the resonator we 

I desire to affect. (Figs. 138 and 139.) 

! As I pointed out before, a transmitter cc»nsistii}g t»f a 

I vertical conductor as shown in Fig. 130 is mit a very per- 

sistent oscillator. Its electrical capacity is comparaiivrly 
so small and its capability of radiating waves so great, that 
the oscillation.s which take place in it must be conHidrniljIy 
damped. In this case receivers or resonators of a cortHlfirr* 
ably different period or pitch will respoml and l>e iiffecletl 
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by it. b'rcHu tlu* results nbtaiiu'cl it would seem us if the 
truusmitter were seudiuj;- out, u g’reat variety of electric 
wtives, resemblin,i>f therefore u source of white li^’ht, unci 
that c*aeh rt'sonator {)icks out and res{)onds to its own parti- 
catlar wave leng'th. 

'rills view, however, is incorrect; the fact tliat, ^>fiven 
tautain conditions, various resonators will resiiond, even if 
their period be different from the natural period of oscilla- 
tion t»f a transmitter, is to be accounted for by the con- 
sideration that all the energy of the transmitter is radiated 
in only one or two swin^ifs, with the result that oscillations 
tnay bt* iiuluced in resonators of ililTerent periods, while, if 
the same amount of energy be distributed in a great num- 
ber of individual feeble im[)ulses, their combined effect can 
only be utili/ed or detected by a resonator tuned so as to 
respoml to tlieir particular frecpiency. The tuned resonator 
will not then respond to the first two or three oscillations, 
but (uily to Ji longer succession of protierly timed impulses, 
so that only after tin accumulation of several swings tlie 
H.M.Id becomes sidlicient to break down the insulation of 
the coherer tmd ctiuse a signal to be recorded. 

Notwithstanding the disadvantages for oVdaining elec- 
trical tuning, attributed to the form of transmitter shown 
in Fig. 1 30, selection of messages is possible when using, say, 
two or three transmitters iiaving wires of considerably dif- 
ferent lengths, and the induction coil or oscillation trans- 
formers tm tlie receivers wound with varying lengths of 
wire in their secondary circuits, in order to cause them to 
be in tune or resonance with the length of wave of the 
transmitted oscillations, as pointed out in my British patent, 
<lated June i, 1B98. This reads; “It is desirable that the 
iruluction coil should he in tune or syntony with the elec- 
trical oscillations transmitted, the most approjiriate number 
of turns atul most appropriate thickness of wire varying 
with the length of wave transmitted.'' 

Tlie following experiment which has been successfully 
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at Poolo, a .ship with transmitting win* ut iiiftri's. It is 
therefore obvious that the wave of the elect rie «*si ii 

lations radiated from St. Catherine’s ditieic«l e«mside! ah!\ 
from that radiated from the ship. Xow, it at the reeeisi in^ 
station at Poole we connected to a vertical wire two leccdv 
ers, one havinj*; an induction coil witli secotul.u v in tune 
with the lenjj^th of wave emitted by St. Catherine’s aiul tin* 
other with that emitted by the 27 inetm’ feed wire on the 
ship, if St. Catherine’s and the ship transmit sinndfane«mslv 
tw'o (lifTereut messaj>;es, thc.se will be pickcnl up at Pooh\ 
and each messajj^e will be reproduced ilistiiutly on its 
receiver. 

I ])ointed out in a patent sjwcilication datetl Ueeember 
19. if^99> filled results are obtained when tin* 

length of wire of the secondary «tf the imlucti«>n coils is 
eciual to the lengtli of the vertical wire uscnl at the trans. 
mitting .station; tliercfore the length of the s«‘i'ondary 
of the receiving inductitm coils was matle etpud to that 
of the transmitting wire. 

These results, altlumgh in a wav satisfaetor v, ditl not 
appear to my mind a complete .solution of the probiein. I 
found it impo.ssible toobtturi the two ntessagesat the m eiv. 
ing station, if the two transmitting stations were placed at 
eciiial distance.s from it. The following lamsitlrrations niav 
perhaps explain this failure. If the ^7. meter transmit- 
ting wire wa.s {daced at the .same tlistance from potile 
as the 45-meter one— i. e., 31 miles~tfte waves emitfetl 
by the 27-meter wire would be tot) weak when they 
reach Poole to affect the receiver. On the other hafnl. if 
the 45-mctcr transmitter was plaeetl at to miles frtnn tlie 
receiver, then the wave.s radiated by it would he sa strtmg 
as to affect the receiver tuned to respond the ^7»metrr 
transmitter, and blur the signals. 

It thus became apparent that .st)me different form of less 
damjicd radiator was nece.ssary, in tmder b) obtain more 
practical and more useful re.sults. 

I carried out a great numlter of experimenti liy adtiing 
to the radiating and receiving wires inductaitce coil, on a 
principle similar to that suggested by Lotlge In hw i«fia 
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patent, but without obtuining any satisfactory results. The 
lailure was probably due to the fact that the electrical 
capacity tif the exposed conductors became too small 
in proportion to their inductance. I then tried various 
methods for increasing' the capacity of the radiating 
system, ‘Phe first and obvious mode of effecting this is 
by an augmentation in the si/e of tlie exposed conductoiy 
but this method is not {'Utirely satisfactory, in conseciuence 
of the circumstance that an increased surface means 
increased facility for radiating the energy during the first 
oscillations, and also because large plates or large exposed 
areas are impracticable ou board ship, and are always diffi- 
cidt to suspend tmd mainlain iu good position during windy 
weather, I'he way out of the dilTiculty was discovered by 
ailoptiug the arrangement shown in Fig.* 132 . Here we have 


I 

I 
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an ordinary vertical rtidialor placed near an earthed con- 
ducltir, the effect of an adjacent conductor being obviously 
to imTease the capacity of the electrical radiating wire 
without in any way increasing its radiative power; and, 
as I had eicpectcd, syntonic results were not difficult to 
obtain with such an arrangement. Mention of this method 
has been made by Captain Ferric, one of the members of 
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the French Commission which was present at the tests car- 
ried out across the English Channel in 1899, in a paper on 
wireless telegraphy. See paper “ Etat Actuel et Pi ogi ds 
de la Telegraphie sans Fil,” read before the Congrbs Intei- 
national d’Electricit^, Paris, 1900. 

Satisfactory results were obtained, and I was encouraged 
to continue my researches in order to improve the system. 

Early in 1900 I obtained very good results with the 
arrangement shown in Fig. 133* This arrangement is fully 
described in a British patent application applied for by 
myself on March 21, 1900. In it the radiating and 
j resonating conductors take the form of a cylinder, the 

, earthed conductor being placed inside. This form of 

radiating and receiving areas is much more efficient than 

I the one I have previously described. One necessary con- 

!{ dition of this system is that the inductance of the two con- 

i i ductors should be unequal, it being preferable that the large 

I I inductance should be joined to the non-earthed conductor. 
I presume that in order to radiate the necessary amount of 

I energy it is essential that there should be a difference in 

I phase of the oscillations in the two conductors, as otherwise 

I their mutual effect would be to neutralize that of each other. 

I In the first experiment mentioned by Capt. Ferrie, this was 

I obtained by simply using an earthed conductor shorter 

I than the radiating or resonating one. When I used an 

I inductance between- the spark gap, or oscillation producer 

I I and the radiating conductor, I found it possible to cause 

j| the electrical period of oscillation of the receiving cylinder 

|| to correspond to that of one out of several transmitting sta- 
ll tions, from which one alone it would receive signals. The 

I results obtained by this system have been remarkable. By 

using cylinders of zinc only 7 meters high and 1.5 meters in 
diameter, good signals could easily be obtained between 
St. Catherine’s, Isle of Wight, and Poole (distance 31 miles), 
these signals not being interfered with or read by other 
wireless telegraph installations worked by my assistants or 
by the Admiralty in the immediate vicinity. The closely 
adjacent plates and large capacity of the receiver cause it 
to be a resonator possessing a very decided period of its 
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own— i, it iH'c'tmu'S no louder U[)t to respond to fre{]ucn- 
eies which tlilfer troin its own particular [)eriod of elcclrh 
ctil oscillation, nor to lu' interfered wdth by stray ether 
waves which art' soiuetinu‘s probably caused by atmospheric 
disturbances, and which occasionally prove troublesome 
durinix the summer. 

It seemed very remarkable to me duriiif^ my first test 
that an arrangement similar to that, shown in I'ijj^. 13,^ should 
prove to be a |!;;ood radiator, and should enable such a con- 
siderable distance to be achieved with cylinders of so 
moderate a height. It is probalilc that the jj^rcat majority of 


I-i'i. 133 134 



the electrostatic lines of force must pass directly from one 
cylinder to the other, but it must be also true that a certain 
number leave the outer part of the external cylinder, exactly 
as in the case of an ordinary radiator. 

The receiver is mit shown in the sketch, hut consists of 
similar cylinders tti those ii.sed for transmittini^ the receiv- 
ing induction coil or oscillation transformer, being placed 
where the spark gap is shown in Fig. 133. 

The capacity of the radiator due to the internal con- 
ductor is. however, comparatively so large that the energy 
set in motion by tlie spark discharge cannot all radiate in 
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one or two oscillations, but forms a train of slowly damped 
oscillations, which is just what is required. A simple verti- 
cal wire, as shown in Fig. 130, may be compared with a hol- 
low sphere of tin metal, which, when heated, would cool 
very rapidly, and the concentric cylinder system with a 
solid metal sphere, which would take a longer time to cool. 

Mr. W. G. Brown suggested, in a patent specification 
dated July 13, 1899, the use of two conductors of equal 
length joined to each side of the spark gap, but he did 
not describe the inductance in series between them and 
the spark gap, which, according to my experience, is abso- 
lutely necessary for long distance work. 

Another very successful syntonized transmitter and 
receiver system was the outcome of a series of experi- 
ments carried out with the discharge of Leyden jar circuits. 
Taking for granted that the chief difficulty with the old 
system, as shown in Fig. 130, lies in the fact, as already 
stated, that the oscillations are very dead beat, I tried by 
means of associating with the radiator wire a condenser 
circuit, which was known to be a persistent oscillator, to 
set up a series of persistent oscillations in the transmitting 
vertical wire. 

An arrangement, as shown in Fig. 135, which consists of 
a circuit containing a condenser and spark gap, constitutes 
a very persistent oscillator. Prof. Lodge has shown us 
how, by placing it near another similar circuit, it is possible 
to demonstrate interesting effects of resonance by the 
experiment usually referred to as that of Lodge’s syntonic 
jars. 

But, as Lodge points out, “a closed circuit such as this 
is a feeble radiator and a feeble absorber, so that it is 
not adapted for action at any distance.” I very much doubt 
if it would be possible to affect an ordinary receiver at even 
a few hundred yards. It is very interesting to notice how 
easy it is to cause the energy contained in the circuits of 
this arrangement to radiate into space. 

It is sufficient to place near one of its sides a straight 
metal rod or good electrical radiator ; the only other condi- 
tion necessary for long distance transmission is that the 
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jH’riofl {»f ost'illutii >11 of ilu' wire (Ji* rtxl should be eiiiuil to 
iluit of the nearly closed circuit. 

Stron^'cr I'llectsof radiation are obtained if tlic radiatin‘;' 
conductor is partly lu'ut around the circuit iucludiug' tlic 
condenser (so as to resemble the circuits of a transformer). 

I first constructed an arrangement, as shown in h'ijjf. 141, 
whii'h consists of a Leyden jar or condenser circuit in 
wiiich is inchuled the primary of what may b(‘ called a 
‘resla ctiil, the secondary of which is connected to the earth 
tir aerial conductor. The idea of usin^ a Tesla coil to pro- 
{luce flu' oscillations is luit new. It was tried by the Post 
( )thce uthcials when eKperiinentiuj^ with my system in 
anti also suj^j^estt'd in a patent specification by Dr. 
Lotl|.te, dated May to, iSt);, and by Prttf. Braun, in the 
spc-i‘iiication of a patent tinted .lanuaiT ad, iSgty My 
itlc'a was to assoiaate with this compound radiator a 
irceive! tunetl to the fretpiency of the oscillations st*t 
up in the vertical wire by the comUmser circuit. My 
hrst trials were not suct'cssfid, in con.setimmce of the 
tact that I had not recof^nized the necessity of atteinptinfjf 
to tune to the same [leriod of oscillation (or oc'taves) the 
two electrical circuits of the transmit I inji; arranf^ement 
(these circuits beini; the circuit consisting’ of the condenser 
and {ifimary of the ’1‘esla coil or transformer, and the aerial 
caunluctor and seeondary of the transformer). 

Ibdess tlie comlltion is fulfilled, the difTerent period.s of 
the two conducleu's creat(* oscillations of a different fre- 
quency and fihuse ill each circuit, with llie n‘sult that the 
effects obtained are feeble and unsutisfuetory on a tuned 
receiver. The syntoni/ed transmitter is shown in Fig. 134. 
'rheperiotl of oHcillation of the vertical cmuluctor, /i, can be 
increased by introducing turns, or decreased by diminishing 
their number, or by intnulueing a eoudeuser in the series 
with it. The comienser, e, in the primary circuit is con- 
structed ill such a ttuinner as to render it po.ssibleto vary its 
electrical capacity. Hie receiving .station arrangements are 
shown in Figs. 13d and 137. 

Here we have* a vertical conductor connected to earth 
through the primary /' of a transformer, the seeondary 
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circuit of which is joined to the coherer or detector. In 
order to make the tuning more marked, I place an adjustable 
condenser across the coherer in Fig. 136. Now, in order to 
obtain the best results, it is necessary that the free period of 
electrical oscillations of the vertical wire primary of trans- 
former and earth connection should be in electrical reson- 
ance with the second circuit of the transformer, which in- 
cludes the condenser, 

I stated that in order to make the tuning more marked I 
placed a condenser across the coherer. This condenser 
increases the capacity of the secondary resonating circuit 


Fig, 135 Fig. 136 



of the transformer, and in the case of a large series of com- 
paratively feeble, but properly timed, electrical oscillations 
being received, the effect of the same is summed up until the 
E.M.F.at the terminals of the coherer is sufficient to break 
down its insulation and cause a signal to be recorded. 

In order that the two systems, transmitter and receiver, 
should be in tune, it is necessary (if we assume the resistance 
to be very small or negligible) that the product of the 
capacity and inductance in all four circuits should be equal. 
A more complete and detailed description of this system is 
given in a British patent granted to me, dated April 26, 1900. 
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I have nuTiitly foinitl that. Prof, Braun has rccopfnizcd the 
neeessity ol tuuini;' the eireuits of the tranamitter and receiver 
when usiu^* a I'esla coil in order t.o obtain syntonic effects, 
but I am not aware that siu;h a jiroposal was published prior 
to the tU-M 1 iptitui ^iven in the al)ove-inentionecl patent. 

Altiimi^h little cliliieully has been encountered in measur- 
ing tile eajuu'it y used in tlie various circuits, the ineasure- 
nieut or calculation of the vtilue of the inductance is not so 
easv, I havt* found it Impracticable, by any of tlie inctliods 
with whii'h I am atHjuainted, directly to measure the induct- 
uucc of. SUV, two or three small turns of wire. As for calcu- 

Fig, 137 

! 

I 

I 

I 



luring the inductance of the secondary of smaU transformers, 
the mutual effect of tin* vicinity of tlie other circuits and the 
effectH tlue (t» mutual induclicm greatly complicate the 

|irob!em. 

I* xperinients have confirmed the fact that the receiving 
imliietion coils having the secondary wound in one layer and 
at a certain distance, stiy, tw'o millimeters (to cause the 
ea|uiclty to be so small as to be negligible), have a time 
period afiproximately eepud to that of a vertical canuluLlor 
«,! ri|ual lengtfi (see patent grunted to G. Marconi, dater! 
December i«.|, 
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If, therefore, we are using an induction coil having a 
secondary 40 meters long on the receiver, I should use a ver- 
tical wire 40 meters long at both transmitting and 1 eceiving 
stations, so doing I have the two circuits at the receiv- 
ing station in tune with each other, and I only have to 
adjust the capacity of the condenser at the transmitter, 
which can easily be done, either by means of a condenser 
having movable plates that can be slid, more or less, over 
-each other, or by adding or removing Leyden jars. 

If we start with a very small capacity which we gradu- 
ally increase, a value of the capacity will be reached 
which will cause signals to be recorded on the receiver. 
Supposing the receiving system to be within the sphere of 
action of the transmitter, then the signals will be strongest 
when the capacity of the condenser is of a certain value. If 
we still increase the capacity, the signals will gradually die 
away, while if we go on increasing the capacity, and at the 
same time add inductance to the aerial, to keep it in tune 
with the condenser jar circuit, we are still radiating waves, 
but these do not affect the receiver. If, however, at the 
receiving station, we add inductance or capacity to the wire, 
A, Fig. 136, and also to the ends of the secondary j 2, we 
find ourselves able to receive messages from the transmitter, 
although we are utilizing waves of a different frequency. 

It is easy to understand that if we have several receiving 
stations, each tuned to a different period of electrical vibra- 
tion, and of which the corresponding inductance and capa- 
city at the transmitting station are known, it will not be 
difficult to transmit to any one of them, without danger of 
the message being picked up by the other stations for which 
it is not intended. But, better than this, we can connect to 
the same vertical sending wire, through connections of dif- 
ferent inductance, several differently tuned transmitters, and 
to the receiving vertical wire a number of corresponding 
receivers. Different messages can be sent by each trans- 
mitter connected to the same radiating wire simultaneously, 
and received equally simultaneously by the vertical wire 
connection to differently tuned receivers. A further im- 
provement has been obtained by the combination of the 
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tw() svstc'ms. In this t-ase the cylinders are connected to 
the st'cttndary di)( tlu' transmitting Iranslnrmer, and the re- 
ceiver to a |)nijH*rly tuned iiulucticm coil, and all circuits 
must he tuned to the same period as already described. 
•(See t4.t.) • 

'riie tuning ttf the receiver to respond to the jieriod of the 
iranstnitter, as used in the old form of transmitter shown in 
Im^. 130, or in the new one shown in h'ig’. 134, has enabled 
results to be obt'ainetl «)ver considerable distances with 
moderate heights. 

Si|^ualin|4; has been successfully carried out over a dis- 


tance of sa kilometers with a cylimler only meters hijLfh, 
40 inches in diameter. 

*riiis lias led to tlie possibility of construetiuf^ portable 
apparatus for army purposes, which should be of gretit ser- 
vice in the field. I have succeeded iti constructiu|4 a com- 
plete iustallatiou ou a steam motor car. Outlie roof of the 
car there is jdaced a cylinder whit'h can be lowered when 
travelitig, its heip^hi beini^ only six or seven meters, uml liy 
this means comiuunicution has been easily carried out witli 
a syntonixed station over ti distatice of 31 miles. A x^-centi- 
raeter spark induction coil worked by accumulutor.s and 
taking' about ic» watts is used for trausmilliug. and 
the accumulators cau be recharged by a small dynamo 
worked by the car m«»tor. I believe sueii an ai»pliance miglit 
have been of use to the besieged garrisons in South Africa 
and C'idtia. 

A strip of wire netting laid on the ground is sufrident 
for earth connection, and by dragging it along communica- 
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tiononnbc' t’siublisltctl. u bfu ili*' « .1 

liuve recently i^btaiuetl as irsnbs t 

“ ('( uuiect inn ' to earth, but lUiK uft«i/n«<4 h 
electrical capacity nl the b..ilci ot thr 
tiuit sig'uuls can l>e trausmilteb a M»usi*!cia 
the cylimlerin u huri/tmtal pMsifi»»n. 

Last s[)rin^ I rt‘cnt^;ni/e«l the tlrsij.thiltn 
tests between stations situatiai .it unu h 1 
apart than had been attcniptial hriridiMts 
established at the Li/atd. (‘.nnuali, atid -‘M 
counnunicatiou was clU’Cfed with St t -» 
Wif^hf, over a distance *»j iSo uhIc^*. u !m I 


record distance over wliich sii^nals havr !ht$} sen! iSir»*uj,d 
sptice without wires, !t is inte»rs{j»s|.j fo ihal M'K 

nals were obtained over this distanee wslh ihc ti .orasulftni; 
aj)paratns as shown in Fi^. },|o. «»r with the ai ian},o'*ifHri}i 
shown in Fii'j'. i.t4, pn»vid«’d ahva!,'s that a smt.ible ir-s**fi4l 
ing" iuduetitin cod wasemployrt} at the rrerivntg ^!ali«»it 
The amount of energy tised for signaling tits'* tic* 
tance is not more than watts. Inst r'vpn iinmis wsfli » 
larger aininmt tif energy will slnnilv br c.ttisrd opt. in ihf 
case of the tHbanile transinisHiost. the anial innsdn* i<»r 1 «*« 
sisted of four parallel vertical wires, i,;** iisrln 
meters long, or In a strip of wire nrlliiig mI ihc '"-aiisi 


It is interesting to note that sii order I** rof«riitinifa!i 
between my Ktatlons at PiMfle ami .Si, t*,itlirisiir's 
31 miles) with the same amonni of rnergv ami llir iim 

(jf aerial wire, this must be 5o meters liigli t«i signah 
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of alxtiit t lu‘ saint' strt'u^lli as thosi' ohiaiut'd bctwcfii llic 
iS6»iui]t' stations with tlu' 4 .S».nu‘tt'r aerials. 

This j^ot'S to contirm many other results previously 
obtained, whieh iiulieate that with a parity of other con- 
tlititsus the distuuee varies with the stpiarc of the heij^ht of 
the vertical ctiiuluetors at the two station.s. [ have ahvau'S 
found this law fuHllled, if the heij^'ht of the conductors at 
the two stations is approximately e([ual, although an attempt 
has been made recently to throw doubt upon its cor- 
rect ness. 

In March, ityio, there' were in use in the Royal Navy in 
.South African wati'rs live installations of my system, 
'riie Admiralty was apparently well .satisfied with its work- 
ing, since in May of last 3‘ear tlu'V decided to extend its 
aihiptiou to thirty-two more ships :md land sltitions. 'fhe 
conditions of the c'ontract were, that each apparatus, bt'fore 
bein^ at'ceptcd, shouhl be satisfactoril}' workt'd b}’ naviil 
sif^naliuen between two ships anchored at rortsmouth and 
Portland, ovt'r a distaiu'c of 62 miles, a considerable portion 
of which—i. c., iH miles Hes over land, with intervening 
hills; and the heijjfht of aerial wire was .speeilied not to ex- 
ceed on each ship 49 meters. 'Fhc tipparatus was delivered 
in a eomparatively short lime, no si’ls liavitij^; been found 
unsatisfactory. The tippurutus .supplied to the Admiralty 
is so far all of the old pattern— «i. e., the non-syntonized 
.system -and I have been informed that messa^^es have 
lieeti transmitted and received by naval siiJ^nalmen 
between ships more than ido kilometers apart. It 
sometimes occurs that the unfamiliarity of the opera- 
tors with tlie particular kind of apparatus msed causes 
unsatisfactory results to be obtained, luit I believe thi.s trou- 
ble will soon disappear. I am glad to be able to stale that 
arrangements are being made to install iny new .syntonic 
apparatus upon several of His Majesty’s ships, I believe 
that in no other navy in the world is wireless telegraphy 
being worked regularly over such considerable distanee.s. 
My system is also used for communication between the 
Borkum Hvff and Borkum lightship, in Germany, where an 
ordinary commercial charge is made for rnessage.s received 


from ships, aiul it is cniplto rtl turf hrt mh f hr N’mh I I truf hrr 
Lloyd mail slt'amor '• K.UM'f W'iihrim dn iLMssr,” 

Aooordiiij^ (o an »iltu ial top'Of i*! dir Impni.il 
Ulitlioritii'S of ()l«lonl»nii4'. tin* tMi.d miuihn i 4 » * .utnsn i i.d 
wireless Iclej^ratsis t raiisfuitlrti Iimhii and !*» Ili«* ■nldp 

between Alav anti llie entl ol thlMlnrs' ansimiilrd f*s 
and of these 518 cainefr«>in ships at sea. ulalr ursr ir.iijs. 
mitted to ships. ()f tht' >iK telc'ipams le;* pt 1 trjit \^rfr 
addressetl to tlu‘ North tJeiinan Lloyd, .nut r>.| ; pn » rn! i»i 
other sluppin}^ hrans, 

Tlic installufitnis are wtu ketl hyonlinarv opioaioi % ja a 
most, satisfaetorv mannej'. and «»n otar ansasiofi .ora-^.taiMr 
was olitained ft»r a man wlu» u as lakrit stsahlrnU til mu thr 
Borkmn Riff, ami it was thns m.nle |ui%‘db!e to la.jud him 
over promptly for inedit al treatment on sLosr. 

Before ct)m*ln{linj4', I wisli tt» sav a lew uord-* on a 
method jwoposed by I*r«d. *Hlabv, am! uilh wlsuts I Itave 
also carried out .some eyperiments. As iranstnitlrr, Mabv 
uses an arrunjj^ement as shown in l iic. tyo, whu h t larvi^o. ot 
a vertical conductor, in wliieli is intrrposrt! a t onflrusr t. a; 
and a spark |^ap, A. The toji of the wire is not h rr. but i% 
connected to earth thrunijii un imlin tatice. C IK and 1% 
wire, A. 

At the reeeivinii^ station the arrani^efiirni shown tn Idg. 
144 is employed. It ctmsisrs of a vrrheal eondneior. /if/, 
connected t«) earth ut C, which should bt* the nodal poini *,1 
the waves induced in the %virr, /> wdsere there Is Joinr*! 
another wire, termed an e^tet>sion wire, of rt|ifal Irnutli, 

In this case Slaby places an apparafiw wiili'li fir l alL a 
“ multiplicator," corineeteti to the coherer iM’lwmi ihc rinl 
of the extension wire and the earth, or by iimitlirr jiiraiigr= 
rnent (Fig. 144), he uses a h»op wire, A* 6 ' // /<! C ’ A*, the 
muUiplicator being placed Iwtwrrn M and 1 % in ierirn wiili 
the extension wire,/. By riieans of this ai ratigriitnit, Sbiby. 
on the 25 d of DecemlHT of hist year, sli*»wrtl the rrt. ej»fi«»ti 
of two different messtiges lent frenii two lr,iii%iiii!!in|j **14- 
tions situated at unequal distaricrs from tlic? rrrrlving ela- 
tion to be possible, one statiim ladiig iil 4 kiloiiirtrr*% aiiti iln* 
other at 145 thus obtammga result whlt:li may 
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similar to that ohtaim'tlhy me some monl.l\s previously over 
lon^’er distaiu’es. 

\\ e an* not told what was the amountof eneri^y used for 
the transmission mu-tlu' heij^ht of the vertical conductor at. 
the rt'cei viiiijj' stat it m or at the t ransmittintr statit)ii at the 
Aher^pree Kahlewilrks. We are only told that tlie trans- 
missitm wire was suspendetl between the chinvney shafts. 
\’ery little information is g;iveu as to the appliance which 
Dr. Slaby calls a multii>licator. Cr. Kapp, wlio is probably 
actpiainted witli the details of Slaby’s work, commenting' on 

Fui, 140 Fu;. 141 


A 



this paper of his, calls the instrument in tpicstion “an 
especially womul induction coil (‘ Induction-spulc ’), the 
function of which is to increase the K. M. F. of the oscilhi- 
turns at the ends of the coherer.” Upon reading this for the 
first time, I assumed that the multiplicator was an oscillation 
transformer performing the function of those described in 
my patent, dated June i, 1898, and also described in my 
Royal Institution lecture of February 2, 1901. As I vsubse- 
cpiently, however, discovered, Prof. Slaby, referring to the 
multiplicator, states*. “This apparatus in its most simple 
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form consists of u wire ci»i! dt a lirtmuisu *! ‘.Ii 4 |»r ami iMrus 
of wiiulinjx, wiiiclj ilrinnnU U|'i>n tin* ii uj'ib i4 fhr u.t\r, 
. . . f inij 4 ;ht call this u{*|»ur.itus, uuktu <u u tt» un kianvl 
cd^c up to the pi'eseut, a multtpli< .u»«r. It in umI {m |,r 
Coufouiultsl with a traiistonuei,, as it has nu sniattl.m 
wiudinjjfd’ 

This statement appears fu me* vm v aml«{i‘tf»ni H ^ I S I 
always Imve uiulerstoenl tltat wltat 
wc call tninsfornuTs nc-rd u««t have 
adistiiu't secniulary witulitei^. An 
applitmec called an autdtruns. 
former wtis used l»y the \Vrsfin|.p 
house C\nupany for re*4‘ulatiii’4‘ the* 

Pta. r.|3 
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Iv. M. ¥. supplied to housedii^hiint^ in^u.dl.oiMie,. « hi* !» c nit, 
sisted it! a slni^le wimitiij^. a t'rrtain imnsht-r mI fun,-., 
inductively on the udjaeent onex 

“Page really nuule the lira exprrimnst in aii!«» indue. 
t.ion and shovvetl that thffert*ut pas t** <4 the same e*m*iiii o»i’ 
might act as primary and serundary rirMitis Ut rat h utlirr. 
if in contiguity.” 

I installetl the apparatus ilrserihrd hy Slal»y at Xiiom 
Isle of Wight, ami at ih>ole, using wire-!* J 5 inrlri •» higli, ftnt 
with the receiving wire earthed at 144) of the | 

could receive nothing, although I tried vafioii*! fici|iirsi«:'irs 
of oscillation. It is, however, prulwlde that I iiilgld 
rcct-ivt^d, had I Iieen wor'king ovt*r fiiiieli ^liKrler 
than 50 kdonieters, as Slahy tlnl In lil% tir 

had I usetl a greater lieiglit «»f wire. 
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By hnwt'vt’r. luy nu'lluxt of coimcctioii, i. i'., iiitro- 

<luc.'in^ brtwcRMi tlu* vortical wire and caiili aii oscillation 
transformer, luivinLC its t'iia'nils tuned to the fre([uency ^^iven 
by an onlinary vertical radialinj:^ conduclor of lenj^;!,!! eciual 
to the Slaby wire*, A C, I sueceedetl by means of CKtremely 
sensitive eolu'rers in obttiiniiif^ eommunication. I then tried 
the followin^^ experiment. I took down the earth wire, /i D, 
and the induettuu'e, /) C, and used (Uily the conduclor, A C\ 
insulated, with the condenser in circuit for transmit tinjjf. 
An eiuji’inous streuf^theninji^' of the sijjfnals at the receiver 
was immediately obtaine<l, which obviously means a j^i’cater 
t'ast' of workinij;', :md the possibility of obtaininjj; sipi'iials 
ovc'r ^'renter distances. 'I'he reasons which demonstrate 
that a closed circuit, such as is employed by vSlaby, must be 
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a poor ru«Iiator, are obvious to those who have studied and 
read the chissictil works published since the time of Hertz’s 
cxperimentH. 

Dr. Slaby, however, states that the inductance at the top 
«f his loop coniines the oscillations to tlie vertical part, A C\ 
If this be the case, the fretiuency of these hmal oscillations 
cannot be equal to that of the whole circuit, A CD £, which 
it has been stated was so ea.sy to calculate, if the translations 
of Slabv's paper I am relyin#t on are correct. 

I believe that notwithstumlinm; the inductance, C D, a 
considerable amount of ener^^y must pass to earth through 
the earthed wire, which acts as a leak uselessly dissipating 
energy which shouhl be radiated into space in the form of 
ether waves. 
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If these eont'lusions are e«nirii, 1 .tsu h.>i ai .iii l ira? as 
to what iH'Ci'ssit \' tlien* is (>i! nu* ^ls< t.oJlusi «M|t 

cluctor, E D, ami (he iutluetanee. 

It is not nee'essarv fnr nbtaintn*' r-!ir< t-. tonu 

tninstnittiii|j^ statinns plaeed at i litr 

receiver, as tiiese can he uittainetl when umiu; the |.!iini{i\r 
form of transmitter sinnvti in hi,u'. t a». ainl n|,iI»v h.o. umI \rt 
described how to obtain tlifh-rent i8je'.vi<*rs loan !}4io>imf 

ters situated at eciual distances Innii the irtrjv*-i %, w In* h is 

much more, ditlic'ult in m_v cspei n in e. mn ihn-s if .ipprai 
possible W'ith the nu*(hot! he tlcsc iihrs to ffansuol vastMiis 
messag'cs at the. same time from t»nr srudsni^ wur, as t ,in hv 
done with the sy-s(etn I liave just c-v|d.unrd. 

The distance obtained with the ii.msmiittni; ai 

rangement must be eomparalivelv sinall, 

As t have already stated, tamumtnu ation *ivr8 .i distatu i* 
of 300 kilometers is now beini*’ niaintained wuls ms 
but I am not aware of unythiuji? appio.n rn i Hikilo 

meters being achieved with the loop f!aie.i*ol!r5 , If mav In- 
said that long distances of transiiiiHHion are not ne* ilv 
an advantage, but I notice that the tuivv uantH lon|*.«b”»f.ini r 
apparatus supplied to it. 

I have also tried connections stniilai !»» Sl.ihv'M r\irn^»io!i 
wire in the receiver, but I lind that the rr.d Hilling out of 
waves is done in the oscillutitm tratiHloi mrr, atlhougli w.tnr 
times it maybe desirable to IncreaHr ifir prriod of o%cjila 
tion of the aerial conductor by adding iiidiitiam r lo ii, m 
at other times to decrease the period l*v placing a Hiiiialilr 
condenser in series with it. 

I have come to the conclusion that ihr day*k of ihr 
tuned system are numbered. The rthrr abnit ilie ICfiglisli 
Channel has become, in conset|uencr of greal wirrlrwi 
activity, exceedingly lively, aiul «i noictunnl m rivrr keepn. 
picking up messages or parts of nirHsagrs Irotii v.irif»ii% 
sources which very often render unreadable litr iiir^^agr 
one is trying to receive. I am ghnl to mt, lif»wrvrr. flial I 
am now prepared with syntonic apparalii^ ^iittabir f»»r roiii.,.. 
mercial purposes. 

And, as my final word on the generai %iit»|rtr|. |..r the 


I 
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present, lc‘l me say that those who are responsible for the 
reeent (h'vt'lopmenl of wireless leiej^rajthv into a praetical 
sc'iiaiee, eaimol tail to liml ^reat. satisfaetioii in the relk'etion 
that, as alriauly life has been saved that without this dis- 
covery wtndd have been lost, so, in the future, a[>art from 
its manifold commercial i)ossibilities, valuable as these arc. 
humanity is likely to inive behu’c very tonjjj to reco|j^iiixc in 
tele^fraphy through space without connecting wires the 
most potent .safeguard that has yet been di'vised to reduce 
the perils of the world’s sea-going jiopnlation. 

(Marconi on his recent trip to this country, received di.s- 
tinct tape-written messages from Poldhu, Cornwall, until 
he was over 1,501) miles from that point, and since that 
time has succeeded in signaling frt)m Muropc to this 
country. | 

now ‘i‘o roNSTurcf ax kfkiciknt wirklkss TKi.KdRArn 

Al'fAKATl'S AT A SMAIJ. COST. 

HV A. TUKUHUICK CULI.IXS, 

Since the practical introduction of wireless lelegraiihy 
in great progress has been made, not only in spanning 
great distances, but in syntonit'ing or tuning a certain 
receiver to respond to a given transmitter. 

To telegnijih a mile or so without wires by what is known 
us theetheric wave or Hertzian wave sy.stem is not difficult; 
indeed, the apparatus reepured is but little more complicated 
than the ordinary Morse telegraph, anti is so sinp)le tiiat 
the reader need have nb difficulty in comprehending every 
detail; if, on the other hand, one wishes to work out the 
theory involved, it becomes such a difficult task that the 
master physicists have yet to solve it. It is the practical 
side and not the theoretical side of wireless telegraphy we 
have to deal with here. 

The instrument that sends out waves through space is 
termed the transmitter, and this I shall first describe. It 
consists of an ordinary induction or Kulimkorff coil (see 
Fig. 145) giving a half-inch spark between the secondary 
terminals or brass balls. Such a coil can be purchased from 
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dealers in electrical su}»i>lies lt»r ai»'U! $«•, A m.t.I 

coil may, of course, be usetl. ami to brife* a.h !.»{ 

the cost increases very rapidly as the m/c ihv s|.,hI 
increases; a half-inch siuirk euil willKive vrM y.M«| 
for a fourth to half mile over water, an.l the wrsln h.i*. 
transmitted messages a milt* over this si/rti i Mil, 

Haviiif^ purchased tin* coil, it wilt be h*utsd m i . 
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to supply the oscillators, us the brass ballH arc irriiird. ^iiitr 
the coils of the smaller si/.e do not, iittiudc ibriii. llir br.iw 
balls should be half an inch in diainrtrr and ihrv 

may be adjusted to the bintlin^ port's of the 
terminals by brass wires, as shown in the 
view, Fig:. 146. It will require two rell!i of lialtrrv 

to operate the coil, or three cells of ttrenct or lilrlirr»tfiate 
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of potash battery will operate it nicely. Au ordinary !Morsc 
telci^rapliic; ki'V is connec-ted in series with the battery and 
induction c'oil, as shown in the diujifrauu Now when the 
key, 4, is prc'ssed down, (he eireuit will be o\)Ciu‘d and 
closed alternately — likt' an electric bell- by the interrnpler, 
2, and a miniature Hash of lif^htnin^ breaks through the 
insulating tiir-gtip between the balls or oscillators, 5, and 
this spark tjr disrui»tive disiHiarge sends out the ctheric 
waves into space in every direction t() n very great dis- 
tance. 

The oscillators should be hnally adjusted so that not 
more than an eighth of au inch air-gap separates them. 
The reason the. dist;ince between them is cut down from 
a half to an eight li of an incli is because in wireless tele- 
graphy it has been found that a "fat” spark emits wave.s 
of greater intensity than a long, altenmiled one. The balls 
are ternu‘d oscillators, siiu'e, when the electric pre.ssurt; at 
tlie balls becomes gretit enough to break down the air 
between them, the electric wave (Kseillates or vil)rates very 
imieh as a string (vf a tnusieal instrument oscillates when 
.struek; in other words, it vilmates back and forth, very 
strongly at lirst, growing le.sser until it ceases .altogether. 

The coil and key may he mounted on a base of wood 
iS inehes wide by 17 inches long and | inch thick (Fig. 145). 
This, with the battery, constitute.s the wireless transmitter 
complete, with tlie exce[)tion of an aerial wire leading 
upward to a tnust 30 or 40 feet high, or the wire may be 
suspended tnitside a building. At the upper end of the 
wire a copper plate U inehes stpiarc should he soldered; 
this is the ra«liator, and sends out the waves into .space. 
Another wire, H, leading from the instrument is connected 
with a second copper plate, 9, buried in the earth. The 
wires are then connected to the o.scillator.s— one on either 
side as shown at C\ Fig. 146. The aerial atul earth wires may 
be soldered to a bit of spiral spring, as this forms a good 
connection and one that can be readily removed if neces- 
sary. The transmitter may be set on a table or other sta- 
tionary place, but for convenience it is well to have the coil 
and key mounted on a separate base. 
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T.. (Ih. ivccivi.i- cU-vi«. tluTc aro moru parts than to 
the lra„simiu-r, au.l to si.tiply f;a„. upn.i the out, Fig. , it 
wntthl he uliuusi, iiupossihle to oluain a correct idea of the 
cuuueeltotis. To the hiyu.au the most mysterious part of the 
wl.ole system ol wireless telegraphy is the most simple aud 
the easiest understood. 1 refer to the coherer. A Fiir u6 is 
ailia^^rammatie view of au experimental coherer ’one that is 

Mulahle lor the .set in hand, for it is incxiiensive, easy of 
a.Ijustment ami <,nite seiusilive, A colierer, reduced to its 


simfilrat piirts tuimistH uf two pieces of wire, brass or Ger- 
tiuin stiver, i-i6th inch in tlianieter, forced into a j)iece of 
ttihifi|r, with some silver and nickel filings between the 
ends of tlie wire at the point, 7. 

The brass standards r, shown at A, Fig, 146, together with 
the set HcrcwH find s|>rings, are merely adjuncts attached to 
the coherer wires to obtain (he projicr adjustment and to 
(hen retain it, The filings may be made from a nickel five 
c'crit plc*c?e and a silver dime, using a coarse file. The 
amount of filings to he used in tlie coherer can be roughly 



368 


EXPERIMENTAL SCIENCE— APPENDIX. 






estimated by having' the bore of the tube i-i6th of an inch 
in diameter, and after one wire plug has been inserted, pour 
in enough of the filings to have a length of i-i6th inch. 
Before describing the function of the coherer, it will be well 
to illustrate the connection of the relay, tapper, sounder and 
coherer, and batteries. As shown B, Fig. 146, the tapper — the 
central instrument back of the coherer — is improvised from 
an old electric bell, the gong being discarded. The relay, 
on the right, should be wound to high resistance, about 100 
ohms. It is listed as a “pony relay,” and, like all other 
parts of the apparatus except the coherer, it may be pur- 
chased of any dealer in electrical supplies. The sounder, on 
the left, is an ordinary Morse sounder of 4 ohms resistance. 
The tapper magnets should be wound to 4 ohms. All 
should now be mounted on a base 10 by 16 inches and con- 
nected up as the diagram B, Fig. 146, illustrates ; that is, the 
terminals of the coherer are connected in series with two 
dry cells,^2, and the relay, 3. From the relay a second circuit, 
also in series, leads to the tapper, 6, thence to a battery of 
three dry cells, 5, and on to the sounder, 4, and finally back 
to the relay, 3. This much for the two electric circuits. 
The puzzling part to the novice in wireless telegraphy lies- 
in the wires, 7 and 8, branching from the coherer. These 
have nothing to do with the local battery circuits, but lead 
respectively up a mast equal in height to the one at the 
transmitting end and down in the ground, as before 
described. These are likewise provided with copper plates. 
As shown in the engraving. Fig. 146, the connections are all 
made directly between the relay, coherer, sounder, tapper 
and batteries for the very sensible reason that they are con- 
nected together with a deal less trouble than by the some- 
what neater method of wiring under the baseboard. This, 
however, is a matter of time, taste and skill. 

Now let us see what the functions of each of the appli- 
ances constituting the receiver are, their relation to each 
other, and finally, as a whole, to the transmitter a mile away. 
To properly adjust the receiver to the transmitter it is well 
to have both in the same room— though not connected — and 
then test them out. The relation of the coherer to the rela)r 
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ami battery circuit may be likened to that of a push-button, 

the bell ami its battery, C oherer and push-button normally 

represent tlic circuit open. When one pushes the button, 

the circuit is closed and the bell rings; when the Hertzian 

waves sent out by the distant transmitting coil reach the i 

cnhei'er, tlu^ particles of metal fdings cohere — draw closer 

together- -tlius closing the circuit, and tlie relay draws its 

armature to its magnets, which closes the second circuit, 

ami then the tapjier and sounder become operative. 

The purpt)se ol the tapper is to decohere the filings after 
they are affected by the ethcric waves each time, otherwise 
no new waves wtjuld manifest themselves. The relay is 
necessary, since the maximum and minimum conductivity of 
the coherer, when normal ami wlien subject to the action of 
the waves, is lujt widely divergent, and therefore an appli- 
ance far more sensitive than an ordinary telegraphic sounder 
is needed ; this is provided by a relay, which, while being 
nuieli imire sensitive, has the added advantage of operating 1; 

u ch'lieately pi>ised lever or armature instcad'of a heavy one 
usetl »m the sounder. Signals can be read from the tapper j 

alone, hut to pnnluce dots ami dashe.s— the regular Morse ; 

code u sounder is csseutial, / 

The tuljuHtnient of the. coherer and its relation to the 
relay is iH»t us tlifficult as tlie final adjustment of the 
sounder and tapper, but if the following rules are 
utllirred to carefully, the result will be a successful 
receiver. 

lorst arrange the adjusting screws of the relay arma- 
ture so that it will have a free play of only i-32d of an j 

Inch, wlitm the armature is drawn into contact witli the , 

second circuit connection, just clearing the polar projee- f 

titins of the magnets ; have the tension of the spring so that 
it will have c»nly “ pull*' enough to draw back the armature 
when there is m» current flowing through the relay coils. 

Kow comiect the two dry cells in series with the coherer, 11, 

Fig. iTc Unscrew tme of the top set-screws, 2 A, Fig. 146, and ; 

then screw up the inner screw, 3, until the current begins to 
flow thremgh the circuit and pvdls the armature of the relay 
tij the magnets. Tap the coherer with a pencil while turn- 
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ing' the screw of tin* et»hrrertM |.| rtu.itiji «■ 

whicti is apt to iH-cttr by pressnir. Wbrjt .hiir |.,ii.mre 
is seeureti belw'een tlu' i-i»het«'r atal liie trli\ , ^ miiirk i in the 
battery cf the secjuai ciretiil, u bii h im bs.!*-N the lappi r and 

the vSuuiuler. Witeti the ra-lav arutatu! e s*-* tliauy iitiM t'Mii. 

tact, clcjsing tiie seemui eireusl, b*«th the t.ipprr ainl the 
sounder shmild operate, rise h»rtyer lappimg tin* i Mherer aitd 
tlie latter stunuliug tlu* sfrtikr. I hr- ;uliieJn»rsit »»! the 
sounder nspiires the must patieiae, ImI' it i% 1»% ihr nmst 
delicate, testing uhutr that the pr«»psT tne.iMn i*, M'Uaiiied. 
This is done by the screw rrgtiLilin;,: the •■•psiui.; ait.Hhetl 
to the soim(h*r lever. 

When all has been ai'r.iuj*etl ;«!hI ttsr isicnit 

of the transmitter is t hined, the npaik brlwi iii the 

oscillabirs, waves are sent im i^iblv fhiMio'!* "■<p.u r bv the 
aerial and eartlj plate'*, and ladiatmg in r-\ n v dur. a 
minor portiim must eome into eonf»i» t with ihr irura^ing 
aerial and gnnuut plates where fhr'k ajr saitc-d In, ioii- 
dueting wires to tht* t'oherrr, and nnd«.'i the .utn»i» *4 ihr 
waves, the tilings cohtU’e, the lel.n' iiunit s-* il>.\r'd. duw 
iug tlie armature into eontaet, eh»*aijg lb*' srs..nd « tirnii, 
when the tajfper <»perates, striking tin- ».ii4its-iri tnbr and dr- 
cohering the filings ; at the samr time th-r hn<'r «4 the 
sounder is pulled tlowti, and. bv the l.nv (4 innli.i, it wall 
cuntimie to remain chovn, it a suei'e%^i»»ti i*i wavr^, iirr 
being sent by the lranHmittei\a'*sn»iiiii|* ilse key 1 *% bring hrld 
down, producing a dash, rit»twith?,iasuliitg the l4|»|»rr krrp^s 
busily at wt irk tlectihering ill respoiisr to the ronitinnuid)- 
closing circuit caused by the waves; but tlie dtig- 

gish in its action— when once draivii ilown, wtll i rmaiii .so 
until the last wave in received and the lapper iln Mlij-rrs for 
the last time, finally breaking the sri-ond tire nil lor a 
cut length of time to permit the liravv Irtrr in rrgaiti itn 
normal position. 

All these various aclioim rnfijirr a s|iri. itic tiiiir in wiilcli 
to operate, and so the Iransinjitiiig kfv litii'a br iijiFralrtl 
very slowly, each dot and dasli liring gsvrii a snllirirtit 
length of time for the passage of a spark, Wlili the 

Marct,mi, Slab)-, Cniarini ami all oilirr ,Hy',triti*» t4 ivirrless 
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tt’lcsj;ra})h y now in use, only twelve to fifteen words jier 
minute ean be sent. It is also well to remember that the 
hii;her the wires leadinjjj up the mast are, the further the 
uu‘ssaj4:es will earrv. Wireless transmission over water ean 
be carried to about ten times as ^rcat a distance as over 
land. 

Wireless lek'i^raphY is very much like, photof2;rti]ihy 
and evc*rvthin^ else worth knowing;*. To know it well 
requires care, patience and jiractice, ami the more one 
keeps everlastin^rly at it, the j^reater the results 
will be. 

oRtCtNAl. MKMOlk OF I'RoF. RO^;NT(^K^^ “ON A NEW KIND 

fiF RAYS.” 


1. A dis(*har|j^e front a larj^e induction coil is passed 
through a I lit tort's vacuum tube or through a wcdl exhausted 
Chojikc's or Lcuard tube. The tulie is surrounded by a 
tairly tdosedittin^ shield of black paper; it i.s then possible 
to st‘e, in a completely darkened room, that paper covered 
tin one sidi* with barium phitinocyanide lift^hts up with bril- 
liant lluoresccmce whem broui^lU into the neighborhood of 
tiie tube, whether the painted side or the other be turned 
toward the tube. The lluorescencc is still visible at two 
meters distance. It is easy to sliow that the origin of the 
f!unre.scence lies within tlie vacuum tube. 

2 , It is seen, therefore, that some agent is capable of 
penetrating black cardboard, wliich is (luitc ojiaque to ultra- 
violet light, sutdight, or tire light. It is thcrelore of interest 
to investigate h«iw far other bodies can be penetrated by the 
same agent. It is reatlily shown that all bodies possess this 
same transparency, but in very varying degrees. For ex- 
ample, paper is very transjiarent ; the tluore.sceut screen will 
light up when placed behind a book of a thousand pages ; 
printer’s ink offers no marked resistance. Similarly the 
fluorescence shows behind two pucks fil cards; a single, card 
ihirs not visibly diminish the brilliancy of the light. So, 
again, a single thickness ot tinfoil hardly casts a shadow on 
the screen ; several have to be superposed to produce a 
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marked effect. Thick blocks of wood are still ti ansparent. 
Boards of pine two or three centimeters thick absorb only 
very little. A piece of sheet aluminum, 15 rnm. thick, still 
allowed the X rays (as I will call the rays, for the sake of 
brevity) to pass, but greatly reduced the fluorescence. Glass 
plates of similar thickness behave similarly ; lead glass is,, 
however, much more opaque than glass free from lead. 
Ebonite several centimeters thick is transparent. If the 
hand be held before the fluorescent screen, the shadow 
shows the bones darkly, with only faint outlines of the sur- 
rounding tissues. 

Water and several other fluids are very transparent. 
Hydrogen is not markedly more permeable than air. Plates 
of copper, silver, lead, gold, and platinum also allow the rays 
to pass, but only when the metal is thin. Platinum 0-2 mm. 
thick allows some rays to pass ; silver and copper are more 
transparent. Lead mm. thick is practically opaque. If 
a square rod of wood 20 mm. in the side be painted on one 
face with white lead, it casts little shadow when it is so 
turned that the painted face is parallel to the X rays, but a 
strong shadow if the rays have to pass through the painted 
side. The salts of the metals, either solid or in solution, be- 
have generally as the metals themselves. 

3. The preceding experiments lead to the conclusion 
that the density of the bodies is the property whose varia- 
tion mainly affects their permeability. At least no other 
property seems so marked in this connection. But that the 
density alone does not determine the transparency is shown 
by an experiment wherein plates of similar thickness of Ice- 
land spar, glass, aluminum, and quartz were employed as 
screens. Then the Iceland spar showed itself much less 
transparent than the other bodies, though of approximately 
the same density. I have not remarked any strong fluo- 
rescence of Iceland spar compared with glass (see below. 
No. 4). 

4. Increasing thickness increases the hindrance offered 
to the rays by all bodies. A picture has been impressed on 
a photographic plate of a number of superposed layers of 
tinfoil, like steps, presenting thus a regularly increasing thick- 
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lu'ss. I'his is ti» bt' submitted to photometric processes 
\v!u-n a suitable iustruuumt is available. 

5. l*it‘ces ol platinum, lead, /iuc, and aluminum loil were 
so ananjj;e<l as to produce the same weakeiiin^^ of the elTect. 
1 he annexed table sIkjws the redative thickness and density 
of the etjuivalent sheets of mettd : 


IMatinum 

■rhu‘i.in'sw. 

Milt. 

O'OliS 

Ui’lutlvi' 

'I’llicklH'SH. 

1 

Di'iistiy. 

21’5 

Lead 

oai!;o 

3 

1 1*3 

Xinc 

O'ICJO 

6 

7*1 

.Mumimim .... 


200 

2 'C> 


h'rom these vtdues it is clear that in no case can we ob- 
tain the transparency ol a hotly from the product of its 
density ami thickness, 'bhe transparency increases nuu'h 
more rapi«lly than the product decreases. 

ft. The ilttort'scence oi l)anum |>latinocyanide is not the 
<ndy noticeubh* action of the X niys. It is to be observed 
that ttther bodies exhibit lluorescence, e. , calcium sul- 
phide, uranium glass, Iceland spar, rock .stdt, etc. 

Of special interest in this connection is the fact that pho- 
tographic dry plates tire sensitive to the X rays. It is thus 
possible t«> exhibit the piienomena .so as to exclude the clan- 
ger of error. I have thu.s couhnned many observations 
cnigiiudiy made by eye observation with the fluorescent 
serreen. Here the power of the X ray.s to pass through 
wood or cardboard becomes u.seful. The photographic ])lute 
can be exposed to the action, without removal of the shutter 
of the liark slide or other protectingca.se, so that the experi- 
ment need m»t be coriducted in darkness. Manifestly, unex- 
posed plates must not be left in their box near the vacuum 
tube. 

It seems now {juestionable whether the impression on the 
plate is a direct effect of the X rays or a secondary result 
inducetl by the fluorescence of the material of the jilatc. 
Films can receive the im{)ression as well as ordinary dry 


I have not been able to .show experimentally that tlie X 
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rays i^ivc rise tn auv ealuritu- ciSn’i tH. I'lirHii-, luiwr\t-i. mav 
be assuinetl, lor lii<* jihc'iHuneua *4 ihiMirsi t iu r '.Iimu tliat 
the X rays are capable nl iraasiia uialittu. It is aK** » ritasii 
that all the X rays lallinti” fUi a IhmIv <h‘ an! leave if a'* 
such. 

'Pile retina tjf the eve is quite iusefisiitiv** fu tlu-^e tavn; 
the eye pUicetl close to the apparatus sees un»tliiu’4. It is 
clear from the (‘Xperiuieuts that this is not *itir to uaiii of 
pennealhlity ou tin* part of the stiut liues of the eve. 

7. After my expei iimaits on tlu' iratispas enev «»f iia reas. 
iu^ thicknesses of tlilferenf nnsiia. I pioceetleti! to invest i^alr 
whether the X rays eonld In* iieflet ted by a prism. Invest!. 
Rations with water and t ai hon hisidphidr in ndea pt jsnis m| 
30 .sht)we(l no deviation either on llie phtUtn^raphie »»{ the 
fluorescent plate. Ftir c<uuparison. h|4ht ravs weie allowed 
to fall on the pristn as the apparattis was set up for the ex- 
periment. They were tleviatetl to sunt, and JH't innt. respect* 
ively in the case of the two prisms. 

With pri.sni8 of ebonite and aluiiiiinim, I have obtained 
images on tlie idiottii^raphie plate whieh pottir t»* a pussd»le 
deviation. It is, h«)wever, uneertain, ami at Jitost wonhl 
point to a refractive index rov Nh» tleviation ran be ob- 
served by means ttf tlie fUioresceut seieen. lnvrsti|»atu»n*i 
with the heavier metals have not as vet iril it* any rrsidi, 
because of their small transparency ami the eoiisrt|yrnt rm 
feeblini^ of the transmitted rays. 

On account of the importance of the question, it is drsir. 
able to try in other ways whether the X rays are snseepfililc 
of refraction. Fintdy powdered bodies allow in ihiek tayris 
but little of the incident H^ht to pass thronKh, in eoiisr. 
quence of refraction and reHeclion, In the of the X 


of substance et|uaHy transparent wdth the eolierent Milid 
itself. Hence we cannot ctmcUide any regular refleetion or 
refraction of the X rays. The research was eomlnetrti by 
the aid of finely powdered rtK:k salt, fine eleelrolytic silver 
powder, and ?:inc dust already many liiiirs efit|ilt»yrd in 
chemical work. In idl these ca.ses the rtmitlt, whetlicr l»v the 
fluorescent screen or the photographic methml, liicliratcd no 
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(linVrrncc in transiKircucy between the powder and the co- 
herent solid. 

It is, hence, obvious that lenses cannot be looked upon as 
capable of concentrating the X rays; in effect, both an 
t'bonitt' and a ^lass lens ol larjj^e size prove to be without 
action. The shadow photoj^irai)!! of a round rod is darker 
in the middle than at the edjj^e ; the image of a cylinder filled 
with a body more transparent than its walhs exhibits the 
middle brighter than the edge, 

S. The pi’ecetling experiments, and others which 1 pass 
over, point to the rays being incapable of regular reflection. 

It is. however, well to detail an observation which at first 
sight seemed to lead to an opposite conclusion. 

I exposc'd a platt*, protected by a black paper sheath, to 
the X rays, so that the glass side lay next to the vacuum 
tulu'. 'fhe sensitive film was partly covered with star-shaped 
pieces of platinum, lead, zinc, and aluminum. On the de- 
veloped negative the star-sluiped Impression showed dark 
under platinum, lead, and, more markedly, under zinc; the 
aluminum gave no image. U seems, therefore, tliat tliese 
three metals can reflect the Xrays; as, however, another 
explanation is possible, I repeated the experiment, with this 
only difference, that a him of thin aluminum foil was inter- 
posed between the sensitive him and the metal stars. Such 
an aluminum jdate is opattue to ultra-violet rays, but trans- 
parent to X rays. In tlic result the images appeared as be- 
fore, this pointing still to the existence of reflection at metal 
surfaces. 

If one considers this observation in connection with 
others, namely, on the transparency of powders, and on the 
state of the surface not being effective in altering the passage 
of the X rays through a body, it leads to the probable con- [ 

elusion that regular reflection does not exist, but that bodies 
behave tti the X ray.s as turbid media to light. 

Since I have obtained no evidence of refraction at the 
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ravH tiu' UKU't* ftlt'ftivc'h' as llu' tlciisiH' til t!i»- IhisH t mij. 
ctTiifd is greater. 

9. ! t .stH‘int'tl p«»ssihU‘ liial thr |»c‘ut}irrni'al at raiii'rmrul 
<d the molecules mi^hr affrti the ac Uuu «»! a ImhIv tijnm the 
X rays, so that. h»r e\amj»k\ Icelaml s|mi rxliibif dih 

(erenl pheuomena arc‘oi<iiui» to the irlatum «4 tia- •.us Licr .4 
the [date to the axisoi the ci'v>^tal. I’Aperitmaits willt t|tu}il/ 
and leehuul spar cm this point lead to a nr^pitive rrHid! 

to. It is known that Letiard, in 10*1 invr‘-.ii>» 4 tnin-. on 
cathode rays, has shown that tlirv belonji ft* tiir rihfi ,nnl 
can j>ass tltrcsuijh all l«KlirH. t'oin c*i nini,; the X i.nsthr 
same mav be said 

In his latest wtirk, Leuard han iiivesti|,pitrd the alsHoi ption 
cctellicicmts cjI various bodic's tor the cathode lavs. mt Indiin; 

air at atttu>s[jheric [iiessnre, whit h |pvr*i .p to, t .p., 4 im 1 

cm., according to the degree of exhaustion o| tbr gas in di-* 
charge tube r»j» pidge lron» the natntr ol the dssi liaigr. I 
have worked at about the same pres^nie. but *»t c asson.dlv at 
greater or smaller [iressurrs I htid, using a U’rfir-r‘s photi.. 
meter, that the intensity of the (hioresi t-nt itgbl vaiars m ailv 
as the inverse square of thcMbstanee lietween si rem andd»% 
charge tube. This residt is obtained Irmn three vri v * on 
sistent sets of observations at distaiices of ir»o and /j«tj min. 
Hence air absorbs the X ravs much lr»s ihan the eaihodr 
rays. This result is in conqdetr agrremml with ihr pirvi- 
ously described result, that the fluoresrrner of itir Hcrcrii 
can be still observed at 3 tnetern from tfu* variiiiiii lulm- In 
general, other bodies behave like air ; they are itii»rr iraie-*- 
parent for the X rays than lor the cathode rays. 

II. A further distinction and a nottnvoriliy our rr%i 4 lt% 
from the action ol a magnet. I have not sucerrtird in til*, 
serving any deviation of the X rays even in very 'iifoiig 
magnetic fields. 

The deviation of cathoile rays tiy the itiagtiei 
their peculiar characteristics, it has lierii obsrrvrd bv 
Hert^ and Lenard that several kinds «l callitiflc ravs rsi%i. 
which differ by their power of exciting |ilitis|iii«trr»«'rfire. 
their susceptibility of absi»r|ititiii, and tltdr drviathui t»v itir 
magnet ; but a rmtalde deviafiori has cibsfjfveil iti all 
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ast's which have yet been invc.sti^^^atcd, and I think that 
iH'h tlcviation affortls a charactc-ri.stic not to he set aside 
i,t;htlv. 

tc. As the rt'sult ol many researches, it appear.s that the 
dateol most lirilliaiit phosphoresc'ence of the walls ot the 
lisiiiati^e tube is tlu* chief seat whence the X rays originate 
ml sprt'ud in all diretiions; that is, tlu^ X rays proceed 
rom the front where thecatfiode rays strike the ^dass. If 
me deviates the eatfiode rays within tlie tube l)y means of a 
ua^nel, it is starn tluit tl>e X rays proceed from a new point, 
e., a^ain from the end of the catliode rays. 

Also for this reason tlie X rays, which are not deflecfcd 
>v a mas^net, catuuil be re^ardt'd ascatlnale rays which fiave 
>assed tliroufji'h the |.(lass, for that [lassufxe cannot, accordiiij^ 
n Lenard. be tfu* cause of t lie difTertml deflection of the rays, 
fence I concfutle that the X rays are not identical with the 
■ntluule ruvs, but tire produced from the catliode rays at the 
;’luss surtai'e of the tube. 

1 The ravs are | 4 'emu*aled not only in juflass. 1 have ol). 
allied them in tin ai>paratus closed by an aluminum plate 
: mm. thick I juirpose later to investifjate the behavior ol 
itlier substances, 

i-f. 'riie justitication of the term '• rays " atifdied to the 
dienomena lies jiartly in the reg'ular shadow tiictures pro- 
lucetl bv the inter jiosition of a more or leR.s permeulde body 
let ween the source and a j)hotogra[)hic plate or fluorescent 

icreen. 

I have observed and photograiihed many such shadow 
iictures. Thus, I have an outline of part of a door covered 
vlth lead paint ; the imuKe was {iroduced by filaciug' the 
liHcharge tube on one side of the door and the sensitive 
date on the other. I have also a shadow of the bones of the 
Kind, ot a wire wound upon a bobbin, of a .set of weights in 

I g I .. 11 1 • • ' * ' 
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15 . 1 have' sought l«*r intcaltTtaHt* c-lfcH is «i| tiu* X r.ivs. 

but pnssibiw in t*nnst'([iic‘iH*f ul thi-ii snial! \ . u iilunit 

result. 

16 . l^esearelu's tn invest ij»’ale whethrr rirt t rnsr.stit t«<rt 
act {Jti the X rays are be^^un but mit vri t MiH'ltitlcal, 

t/. 11 one asks, what then are thest- X tavs? Sint r they 
are not eatluxle ravs. one mi^lit hupihihc. fmin their |*«nvfr 
of excitiu| 4 ; tluoreseenee aiuf < luauical .u'ti«»n, them to In* dm* 
to ultra-violet lis^lit. In opuositiun to thin view si weiijlity 
set of consiileratioas {n'esentH itst‘11. li X lavs hr intienj 
ultra-violet li^ht, then that li|.^ht must possess the lo|hnviii|r 
properties ; 

(.a) It is not refraetfil in passiini trom air into water, ear- 
bon bisulphiile, aluininnm, oh k salt, ^lasHtn /int' 

(b) It is incapable «>! regular retlca lion at llic- sni laces ol 
the above bodies. 

(e) It cannot tie polarized hv anv ordinal v po!ari/in|» 
media. 

(d) Tlie alrsorption by various hoilirs imistilepend rtiirflv 
on their density. 

That is to .say, these ultra-vi<»let rays mnst behave ifuile 
differently from the visible, infra red and hitherto known 
ultra-violet rays. 

These things appear .so unliketv that I have soui;ht for 
another hypothesis. 

A kind of relationship fietwern the new rays and light 
rays appears to exist ; at least the formation «>l shallows, 
fluorescence, and the production of chemical action point in 
this direction. Now it has Ireen known fora long lime that, 
besides the transverse vibrations which account for the |ihc. 
nomenu of light, it is possible that longitudinal vilirations 
should exist in the ether, and, according to the view of some 
physicists, must exist. U is granted that their eiistrricc has 
not yet been made clear, and their properties arc not ex|»eri. 
mentally demonstrated. Shoultl not the new rays lie asi*rilK*cl 
to longitudinal waves in the ether ? 

I must confess that I have in the coiirte of this rcicarcli 
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sfituts tital tlu' livjM itlic’sis advanced still rc([iiircs a more 
soHtl ItHUul.itit m. 


\ KAY Al'l'AKA'ri'S AM) ITS MANIPULATION. 
llY W. II. Ml'.ADuWt'UDK’I'. 

Assuiuiu^' that one has decided to iic([uirc an X ray out- 
tit, a choice must he made between three distinct types of 
exeitini.^ apparatus: ( i) an induction coil of the Ruhinkorff 
type; (Ji a lii^h freiptenev coil; or (3) a static machine. 
Tin’s choice, however, is nece.ssurily limited by the kind of 
electric I'urrent that maybe available for the excitation or 
operation ot the appai'iitus. 

‘riie fortunate iudivi<lual who can obtain either continu- 
ous or alternatim^: current from a li^htinp; com^iany or other 
st)uri‘e may really make a choice. Me could excite the 
HuhmktJifl coil ti) directly by the continuous current 
throui4:h a bank of lamps, or (2) by means of a storage bat- 
tery charged from the continuous current circuit, or (3) by 
means of a motor generator operated by the same current. 
If he preferred the higli frequency set, he would be able to 
operate that from the alternating current. Or, if his prefer- 
esice were for the static machine, he could so choose, and 
revf»lve the plates by means of a motor actuated by either 
continuous or alternating current. 

It will be apparent, therefore, that with the continuous 
current available, two types of apparatus may be used— the 
Ruhmkorf! ctiil or static machine. The alternating current 
also gives a choice of two types, namely, the high frequency 
coil or the static machine. 

If a regular lighting current is not available, the choice 
necessarily lies between the Ruhmkorff coil and static ma- 
chine, with a great preiionderancc in favor of the former, 
because it is more reliable and can be excited by a few cells 
ui primary or secondary battery. While it is quite true that 
the plates of a static machine can be revolved by a motor 
taking its current from a battery, this is quite an expensive 
and troublestmie method of operation and practiced only to 
a very limited extent. There are some cases where a static 
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machine is revolved by hand, but these are extremely rare, 
as the power required for the production of penetrating X 
rays of high efficiency is such that it is necessary to have a 
very strong man to turn the crank. 

Should the reader be contemplating the acquisition of X 
ray apparatus, and be so situated that he is unable to have 
access to either a continuous or an alternating electric light 
circuit, he will be wise to purchase a coil of the Ruhmkorff 
type and excite it with primary or secondary battery, ac- 
cording to circumstances. If there is an electric plant (con- 
tinuous current) within a reasonable distance, a storage bat- 
tery in portable form (which can be carted over to the 
electric plant to be recharged) will give the most satisfac- 
tory results, with the least trouble and expense. If this is 
impracticable, then any good form of primary battery can 
be used with success ; and for this purpose there is probably 
nothing better than the Edison-Lalande cell, with its large 
ampere output and non-polarizing qualities. 

It will be seen, therefore, that induction coils of the 
Ruhmkorff type would naturally be the form of apparatus 
most generally used for the excitation of Crookes tubes and 
the production of the X rays. Such is the fact, and the re- 
mainder of this article will be devoted to a description of a 
typical high-class set of apparatus of that kind, together 
with some remarks as to its manipulation to produce prac- 
tical results. 

The set of apparatus which has been used daily by the 
writer for the last twenty-eight months is shown in the 
illustration. It was made by the General Electric Com- 
pany, and consists of — 

Thomson inductorium 14 inch spark, 

Condenser, 

Circuit breaker. 

Rheostat, 

Reversing switch, 

Crookes tube. 

Adjustable tube stand, 

Fluoroscope. 

The inductorium is a modern induction coil of the 
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crieral pkn of tho coil m on the well-known lines, l)ut ur- 
anerd somewhat differently in detail. The core is made up 

- .. . . <, 1 I « .. 


Ruhmkorff tvju', specially {U‘si|j;necl by Prof. Rlihu Tlioni- 
s<in (or the purptist' of the “ fat ” eontiiuious stream 

ol sparks so desirable (or (lie production of X rays, 'riie 
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primary coil of coarse wire. Surrounding' this is a heavy 
insulating tube of solid mica. The secondary coil consists 
of two sections wound Avith about 20 miles of No. 34 wire, 
Avell insulated, the sections being separated by heavjL solid 
mica and rubber plates. These parts are assembled and 
mounted in a well built mahogany bo.x, so arranged that the 
coil ma)'' be handled and transported without the slightest 
danger of injury. Although the coil is well insulated 
throughout, complete insulation is insured by filling the box 
with a specially prepared oil. The discharge terminals are 
fitted in sockets and the prirnaiy terminals lead to binding 
screws on the outside of the box. 


Fig. 150. 



Regulator. Circuit Breaker. 


The condenser is separate and of the adjustable tj-pe, 
wdth a capacity of about 5 microfarads. The contact 
breaker is also a separate piece of apparatus of the Aubrating 
pattern, providing for the breaking of the circuit under 
water and thus insuring a more rapid and complete break, 
Avith a correspondingly increased efficiency. The break is 
caused by a sudden bloAv struck by a weight vibrating on 
the end of a flat spring. Interruption of the current takes 
place under Avater and at tAvo points simultaneously ; hence 
there is an immediate extinction of the spark. Ren'cAval of 
the Avearing parts and of the Avater can be made very 
quickly. Regulation of the output of the coil is effected by 
means of the small rheostat shoAvn in the illustration. 

Any one of the various kinds of Crookes tubes may be 
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used with this apparatus. Imt lht> writer has hnind that the 
palttuu shnu u ill thr illustratitm seems tube* best, atlajned to 
the output ot the foil above th'serilii'ch 'Phis tube is of the 
si!ij;h' toinis t\p{\that is to say, it is prt>vitletl with two 
eleetnnles, vi/.. a eoueave eatlunle oi aliunimuu ami a Hal 
platimuu amule, or target, placed at an auj^de of about bo 
decrees, Phr main bodv or bulb is 5 inches iu diainetei’, 
and tlic teriuinals ari* earrital throne'll loufj;; necks to a dis- 
taiuftii IS iiu'hes apart, Attacdied to the exhaust tube is 
ail auxiliary, vacuuiu-ri’|4;nlatiu<i; tube c'outaiuiu}.!;' a (rliemical 
uiixtun* into which is sealed a platinum wire tenuinatiufj; in a 
loop outsidt' the lube. 'Ptu' use of this auxiliary tube is to re- 
{lui c‘ tiu' \ .icuuin when it has risen too hi^h in continued u.st'. 

In all tuln-s exhausted toaC'rookes ( h*}4’ree of vai.'iium, 
v\hich is estimatial to be about oiie-milliontii ol an atiuo- 
spheic. there remains in the tube ti very snudl re.sidiium 
oi .air luoleruh's. At t his staj^o of vacuum tliese tiir mole- | 

( uh • iorm a path lot an electric ilischtirne to pass, and the j 

tuln* will In* an abumiaut s<unce o( K ravs undm* jiroper ex- | 

j italiou, When the tidu' is I'xcitetl, the platinum tar^’et ] 

luHoiues mote or less heatecl and tlirowsolT minute particles i 

uhit h ilv to the sides tin* glass bulb, thus causing’ the | 

lil.u ktmirig seen on a tuucli used ( 'rookes tidie. Now, pla- ! 

tirmm, on looling, has the properly ol ocehiding (or locking | 

up» suriininding tuoh'cides ol air or gas; hence, when the | 

operator t eases exeitiug a tube, there will be a cooling of ;dl I 

parts and the oei lusion ol some purl ol the residual «di* iu 

the tube, imt onlv bv the platinum target, but also by llie 

tiitv particles piojeetetl to tlie inside of the glass bulb. It ! 

lliUH fol!<nvH that, with continued use, the residual air organ ■ 

in the tu!»e will gratiuallv become less and less. 'Plie result 

is that the vaciuitn continually rises until the lulie has be- 

ttniie so high that the electric <lischurge will not pass 

thn»ug!i it. and. eonsecpsentlv, the ttibe is no hmger a source 

oi X tavs. It fan be temporarily restored to a lower tle- 

grrr til vacuum Ipv heating and releasing the occluded gases, 

Intt thi<^ is tmly a tetnporarv expedient. 'Phe auxiliary ad- 
justing lube above tnentioned cfunes into pkiy wlien the 
vacuum has lK*c«nise !»»<» high. The negative terminal of 
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the is tluil « hani;rtl n^nu itu- i .i«is. -iif r8t4»>i !!»• luin- 
and cnuntHlcni t»»!hf u nr s nnnal *4 f hr an \ih41 v 

tuht* uiul funt’ul rururd t»u. I Isi--. *!<■» ihr i in fiiual 

sulistatu'e ainl «ls*»risi,'ai 4 r'^ va|'s*i h hn h liil** fhr ni.jin 

hull), ami tlius rrdtti'r\ tin- ^.nuuui f«i,i j*.a5}t al vi hit !i X 
ra\'s tuav a^aiu Ih- ii th*- » * aujri. ^^viih ihi* 

cat lank* be rcstm cil. 

The rcinaiiiiti^ itnii **! a|i|»ai atm*, ihr flm »!».'« .»|»r, i--. vrf 
to be tlcscribctl. The |»ur«*h mri haon .li |*a!l . * .if 4 

tapering' l«»\. jniintcd «»l' sl.uijr.l a dr.nl bl.uk IJlHtsIr, .oil! 
provitlcii with a JMlrnt Irulbrt rdurd u *1 it ■%. .It , bl.n k 

triiutnini^ anti sbapf»l i«» tit **vrs thr r^r*. im r \i Imlr 
A liamllc is btteti bir i-Miivnorm «■ m ! hr *usrrit, 

or operative part, lanlt-ort} at the bi**44 rml, ami wav 
consist oi t'ardbtnirtl or abinminm ! b.sf pait ««5 finn, ».i rrni 
that is iusitle ttie box is foatr»l hjiIs »i%sfai>» ««l rslhn 1 al- 
ciuin tungstate t*r |tlatiist»-s.'vamslr *4 hauuns. snnircl in 
place with lanpirr «»» *»thet a«ll»r\ur mafrjtal t 'ah ntm 
tungstate was abnost r\clte*HrI\ iru-d i»*s a I -ng ismr on ar. 
count of its cannparative ihrapur-^s, Imi ,sf llu'* dale plaliius 
cyanide of barium is prartiealiv in imnr! 'ml use. Although 
this latter salt is very cspnisHr, il has adianlagrs over cab 
cium tungstate that more than iompm-.air bn ihr lyghrr 
cost. It fluoresces more bHlliauii%, giies mu* ii « Irai'rr 
dehnition of ob|rctH examiisett, *l'<»es »»•! irlaiii an image i»l 
the object previoijslv esawmrd ulo-u fi*r -sru Mpr 

moved to another spot, and iioitaiiiH' |s»srs iis liaiurrsi.riicr 
upon cessation of X ravs. 


ated by a motor generalor, lakmg iisif aiirui ii -.411 !li«' irgio 
lar no volt contimious cuisrni i iia nti I los |»»ri r «*f ap.. 
paratUH is the most camvewrnl awl l«'asf 
of current where a I’oniimnnis «, os ml ss 4% ailabh'- It re 
cetves current at from UMtttt awl i| .iioprirHai 

the motor end, and «leltvrrs I'lom th*- gi-nriaisii irfiiunats 
current at b volts and 14 afii|-«rirs 

A few flours’ careftil » 4 ’ llir driails i»l iit4iii|*piii» 

tion will enable an iiilrllignit opriaiof lo riliiain g««wl 
results from anv set of well iioitlr aooafatns. ili flir rxer* 
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CISC c)( intelligence, forethought and })atience, one may suc- 
ceed, with a set of good apparatus, in producing as fine 
X ray work as can be done in the present state of our 
knowledge of this interesting subject. 

Xhc coil is first tested, to see if it is in proper condi- 
tion, by turning current into the motor generator, and 
thence to the coil. If the latter is in good working order, a 
stream of sparks will pass between the terminals. Current 
may then be switclied off and the Crookes tube adjusted in 
tlie tube stand in the proper position for taking the picture 
(as will be explained later), and connections made between 
it and the discharge stands on toj) of the coil by means of 
fine wire. All the resistance of the rheostat is thrown in to 
reduce tlie si)arking output of the coil to its lowest jioint, 
and then current is once more turned on for the purpose of 
tCvStingj’ the tube. If that is all rigid, current is turned off 
and tlic sensitized plate (wrapped in black jiaper or lield in 
a plate hokler) is brought in and placed on the table fir in 
the po.sition best adaiited for making the [licture. 

Assiuning for the moment that it is an arm of which a 
picture is desired, the plate is placed on the table (film side 
up), and the patient’s arm on top of it. The Crookes tube, 
in its holder, is then [ilaced immediately over it, and from 
12 to 24 inches above it, eure being taken that the center of 
the platinum target in the tube is as nearly as [lossible in a 
plumb line with that part of the arm to be radiographed. 
The current is now turned on again and resistance gradio 
ally thrown out. If the tube is giving out an abundance of 
X rays, an exposure of two or tliree minutes ought to be 
luiiplc for a picture of this kind. At tlie terminutioti of this 
time, current is turned off, and the plate developed in tlu^ 
dai*k room in the usual maimer. 

Xhc* above is a general outline ol the method of proce 
dure iu taking an X ray picture, or radiograpli, as it is fre- 
quently termed. Vhiriations from this method are nece.ssi- 
tatecl only by the cfindition of the apparatus and the kintl ol 
picture to be taken. 

As a general rule, a fn*.st-clas.s set of exciting apparatus 
and accessories will seldom get out of order if properly used 
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and cared for. It would be impossible within the limits of 
this article to enumerate what may have liai)pcned after it 
has been ioiiiul, upon j)reliminary test, that the apparatus 
does not work well, (ienerally this can be ascertained by 
a carelul examination. The most freciuent troul)lc that will 
be itmnd in a case like this, if the set is operated by batteries, 
will l)e that one or more cells of the battery wifi have be- 
come disconnected, or have bad connections, or may have 
run tlcnvn, in either of which cases the proper remedy can 
be applied. 

I lie (rouble that most frecpiently arises is in the Crookes 
lube itsell. I ins part of the apparatus, as will be ([uite 
obvious, is the most important item of all, and at the same 
time the most Ira^ifile and uncertain. Manufacturers of 
Crookes tubes undoubtedly exercise the utmost care in 
inakini^ tliem, but the limitations of the tubes Ihenusclves 
.are so narrow - no matter how well and carefully they may 
be made— that they must lie carefully handled and used to 
preserve their usefulness for any great length of time. The 
writer has had tubes that have stood continued luse for from 
six to twelve months, and similar cases arc cpiite numerous, 
but thi.s is not always the case. In the practice of the aver- 
age physician or .surgeon, a tube ought to give good service 
for many months if it is carefully u.sed. A Crookes tube 
should not lie regarded as a plaything, nor does its structure 
warrant it in being used carelessly. It is fragile at the best, 
and should be treated witli that idea in mirul 

In the ordinary use of a Crookes tube for taking radio- 
grajih.s or making fluoro.scofiic examinations, the natural 
tendency of the tube is to gradually rise in vacuum. If it 
has an attachment for regulating the vacuum, as above de- 
scribetl, there should be but little trouble on this account; 
but, if not, the only resource is to heat it vvlien the vacuum 
has risen too higli, and to repeat this treatment as often as 
the tube will respond to it. When it cannot be restored to 
a working condition by this method, it will be best to have 
it re-exhausted. 

It has been found by experience that it is not wise to 
turn the full current on when first operating the tube. If 
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the tube luis a hij^h vacuum, the turuiui: «m »»! the lull cur- 
rent at once is apt to cause pvuu tute. but bv staitiup, at the 
least current, and {^niduaUy thnnvin^' tmt rrsist.uue as the 
tube warms up, tlie maximum results juav be nbtatned ; as a 
tube that is In^dt in vacuum will, when hui c iutn mu. 
mal operation, ^n've the most {umetratiuij uml |H»wrrliil X 
rays. A tube of low* vacuum tliH’s riot give as prnetratiu|r 
rays, attd should only he used fe»r very simple cases, such as 
luinds. A tube (if about normal vataium, that is tu sav. a 
tube that is easily excited, tlumesces strongh . and gives an 
abimdunce of X rays. Jtiav be usetl hu almost any ktiul of 
radiograj)li. With a tube «if this kind operated on a loil 
giving from H to iueh sparks, a haml sluudtl l«* taken itt 
about one minute, an arm in Irom ivvt»to tloer nnmiles, the 
lower part of the leg t»r foot in about bnit minutes, ami the 
thigh in from five to six minutes, h'oi an«‘\|»osnie lliioiigh 
the upiier part of the body, about ten inimitrs shotdd be al. 
lowed, and through the lower part of the tinnk Itom tiiiren 
to twenty minutes A railiogiaph of the pelvis }s«,nr of the 
most ditheult to make suecesslully, ami trom twrniv to 
twenty-live minutes is usually requited bn a go««l pinme. 
Many pictures of the above parts of the body have been 
taken in much less lime than given al«*ve, but in sm b « asrs 
it is only where the tube has In’en iti e\i epttonallv tine d on. 
tlition and workitig to the utim»st advani age. Thr disfaiu e 
of the tube from the body, especially in an evp«»siiu' *»! live 
minutes uml upward, should never be less than l i iiw lies 
and jireferubly iH to 24 tnclies. It the tube i> too n«\ir ihr 
olqect radiographed, tlu*re will be less sharpness ol tlrlini.- 
tiou and more danger of injury ti» the skin tliaii uhni lltr 
tube is further away. The tiincH lor exposnse jii%i mtiiiirr- 
ated are for a person of average si/r. With sfoiit proplr, 
tlie time shmdd he inereasetl about h» to 20 |»ri rrtii. 

In practice, the writer uses a spark gap in sn is-., with lltc 
tube. Ib'eferably this spark gapk at ihr pttsiiivr dtst li.irge 
terminal of the machine. The wire leadiiig frotii ilir ratlimlr 
terminal of the tulre to the negative trrniiiial i»f tlir coil is 
connected directly, without break. The Irritiimil Irom tlir 
anode (the platinum target endt of tlir ttilie h cwiifirrtcil iiy 
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wire to u moviiblc stand which may be so adjusted as to 
make direct nr broken connection witli tlie positive terminal 
ol the coil. 

In operatin^i^ the Inbe this S[)ark f^ap is varied from, say 
one-c|uarter of an inch to one inch, so tluit the spark will 
jum[) from tlie positive terminal of the coil to the adjustable 
stand and the discharge will ()ass along- the wire and through 
the tube. I'liis is intended to overcome to some extent the 
oscillatoiT nature t)f the discharge from the coil, and tends 
to produce a steady fluorescence in the tube, 'Phe introduc- 
tion of this spark ga[) also tends to keep down, to a great 
extent, the heating up of the platinum target under the boin- 
bardment f>f the cathode rays. 'I'he writei- has found in 
pixictice that tlu' use of this spark gap will frec[uently make 
the difference between the imperfect and [)erfect working 
of a C’rookes ttd)e. In this connection, it may be noted for 
the benefit of tht)se who are not alrcad)’ familiar with the 
fact that the negative terminal of the coil may always be 
astTrlained by observing the spark. It will be noted that 
the spark is thicker at one discharge terminal than the other, 
and this will be found to be the negative discharge terminal 
ol the coil. 

In placing the tube in position lor taking a radiograph, 
it is not necessary that the platinum target shall be parallel 
with the object of which a picture is to be made, so long as 
the tube is so placed that the face of the platinum target is 
opposite to the object, and the cetder of the target is about 
in line with that part of the object which is most desired to 
be taken. 

If desired, the tube may be inclined sliglitly downward, 
so that the target is almo.st parallel to the t)bject. The 
radiographing ol various [)urts of the humau body gives op- 
portunity for the exercise of considerable ingenuity to get 
the best results. 'Phe first reciuisite is that the part to be 
radiographed shall lie as near as possible to the sensitbed 
plate, anti that the j)icture shall be taken “ sejuure on " and 
not fnim a side or diagonal view. In taking a hand, or the 
lower jjortiou t)f the arm, or through the foot, it is not 
necessary for the patient to be in a reclining position, but 
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for all other pictures it is advisable that t!»- ica lining puHi- 
tiou be assumed tt> insure the itreatest pussiblr straditi*-ss ut 
tlie object. Very little iu«»tit»u distuti»H and ddlysf», thrmit - 
lines and lessens the value o! the picture. It is in all east's 
clc'sirahle to use sensiti/ed plates wrapped in lil.ick and 
oran^^e imper, rather- than t«» put them in plate b»adris 
Sen.sitized plates, alremly wrappe-d, ate s.ild bv photo-raplde 
supply dealers. Plates so wiappetl can be br«»u^la inlti 
closer contact with the patiimt and enable tl«' opriatoi to 
make a much clearer picture than w.mld otherwise be pro, 
cluced. An object [rlaced at a disram «'«»l «p»ai tr*i of an ttieh 
from the plate will be much etrlatyjed, and thi»» enlaixriiient 
will be .still further* maii^nitietl and the outlines u ill be.frvs 
distinct, the (urtlier it is away If out the plate. 

It i.s .sc’urcely necessarv to atltl that while the aliilrtv to 
make fluoroscopic exantinaih»iiH of fractures, di-’i-loi at tons, 
foreign objects, etc., is rtf great britrfrt and t ouvr uience* to- 
the jrructitioner, if is scarcely advisabh' to petlorm an oper 
atioii without nraking a radiograph. A pietnie ol this kind 
is cumulative and will .show camditions w hich cannot !»*' pju . 
ceived try the eye. hr cases where neetile** oi other metallic' 
objects have entercnl the body, it is tlesirable t«i pet lor in the 
operation as soon as possible after the radiograph has been 
taken, as such objects will fretpientlv m«»vr w tllim ! hours. 
The writer has had several cases in wddrh needles, particles 
of steel, and in one case a a^-ealiber bullet, %vere shown to 
have moved their positions by a second radh»graph fiiade 
within 24 hours 

Fig. 152 shows a fluorornelcr for castirjg on ilie lliiores. 
cent screen a shadtrw of a rcnl together with the obfrcl 
being CKamined, and a grating, to more accui'atrlv locate 
the points in cpiestion, 

I'here are many other details of iii..ini|.Hilatioii tlial go to 
make up the successlul operation of a %et of X ray apparaitiis, 
but it is scarcely possible to go into therii at leiigtii in liiis 
article. Most of them will natyrally oi/cisr to llii* oprraior 
in the course of his use of the upparatns. Hiicli as urt* given 
above may be found to In* useful to those who are coiiiiiirnc* 
ing or who have not yet had syffictciii rs|>f’rirncr to call 


X HAY APPARATUS AND ITS MANIPULATION. 



391^ 

them forth. It may be of interest to note that a dupli- 
cate of the above described set of apparatus was presented 


by the General Electric Company to the United States 
(tovernraent ior the hospital ship “ Relief ” sent to Cuban 

waters. 





Notvvithstrincliiij>^ tlic^ fact; that uuu'li of the luvvsit puv 
diiccd by chimes is rendered with discorils and a elaug^or 
little less than barbarous, most people like this soit ot music 
luid arc ev'^cr ready to listen to it. I’ossibly one leason loj 
this is that this music is not so conumm as other kiiuls; 
another is that there is a kind of unwritten poetry about 
bells that appeals to everybody. 

Tower chimes are for the i)ublic, and rich and poor alike 
can enjoy them, but smaller chimes tire mainly for those 
who arc able to purchtise them; in ftict, they may be classed 
tiniong' luxuries. 1 lowcver, house clock chinu'S bring' bell 
music out of the list of the extniordiiuiry and plact* it within 
the range of every-day home' life. Tht're 
Fig. 153' is no reason why any one with a mechan- 
' icalturn of mind cannot construct a chime 
( A ' , without much expense. All tliat is needed 

lathe, a few tools and eight or ten 
\ ordinary hand bells. 'Phe liells are to be 

/ tuned so that when struck they will yield 

* the notes of the diatonic scale, 'riming is a 

\ comjiaratively simple matter. If the work- 

man does not happen to have a musical 
ear, he can procure the assistance of some one who has. 

A fine bell made of genuine bell metal is one thing, and 
the ordinary hand bell sold at tlie hardware and hou.He fur- 
nishing goods stores is quite another thing; still tlie latter 
affords the most available material for a chime, and withal 
answers a very good purpose. 

The writer had the good fortune to find a dealer who 
was kind enough to allow him to select from a large nurnlier 
eight bells having approximately the required pitch for an 
octave, and two additional bells, one above and the other 
below tlic octave. These bells first of all had to be tuned 
to render them useful in a chime. This, although a sinqde 
operation mechanically, requires some skill in determining 
the pitch, as an ordinary bell generally yields two or more 
discordant notes. 
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The bell to be tuned is chucked on the lathe by means, 
of a concave wooden chuck secured to the face plate. If 
the lathe has a hollow mandrel, the bell may be held in 
place by a long bolt extending through the bell and lathe 
mandrel. After the bell is centered, so that its rim runs 
true, a block is fitted to it at a point within the thicker 
portion of the rim and held in place by the tail stock of the 
lathe. This prevents vibration and the chattering of the 
tool ; an ordinary hand brass-turning tool is used. If the 
pitch of the bell is too high, and it is required to lower it,, 
the thick part of the rim is turned off on the line, a, as. 
shown in Fig. 153 If, on the other hand, the pitch is too low,, 
it is raised by turning off the edge of the rim on the line, A 
Whenever it is desired to test the note of the bell, the block 
is removed and the bell is struck with a small wooden mal- 
let. The note can be compared with that of a piano or 
other musical instrument, or the proper pitch can be ar- 
rived at by comparing the bells with each other. It is. 
scarcely practicable to tune the chime to any particular key 
unless the majority of the bells are near the required pitch 
at the start. 

After the bells are tuned they are each provided with an 
electric bell hammer, as shown in the first bell of the series- 
in the upper part of Fig. 154 As this bell hammer is almost 
identical with that of an electric bell of comparatively re- 
cent invention, the writer in justice to himself must say that 
this electric bell was devised by him long before the bell, 
alluded to was known to the public. 

The magnet core is reduced in diameter at its upper end 
and extends through the aperture at the top of the bell and 
is threaded to receive two nuts, between which a wire is. 
clamped. These wires from the several bells are connected 
with the contact springs or keys of the current-controlling- 
mechanism shown at the center of Fig. 154 The core is 
insulated from the bell, and between the lower nut and the 
bell is clamped a yoke or loop which is in electrical contact 
with the bell, but insulated from the core. On the core is. 
placed a bobbin wound with No. 24 wire. To the lower end 
of core is attached a pole extension, which reaches beyond. 
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the periphery of the bobbin and is provided with a short 
copper stud to prevent the sticking" of the armature. To 
the core above the bobbin is pivoted the armature, which 
extends downward over the side of the bobbin to a point 
opposite the pole extension. The armature is prolonged 
beyond its pivot and drilled to receive the hammer wire, 
which extends downwardly toward the mouth of the bell 
and carries a hollow metal hammer containing a wooden 
plug. The hammer is arranged to strike on the thicker 
portion of the bell rim. One terminal of the bobbin is con- 
nected with the magnet core, the other with the bell; each 
bell is supported by a bracket, the end of which enters the 
yoke or loop. 

The brackets are connected electrically and communk 
cate through a wire with one pole of the battery, the other 
pole of which is connected with a spring which presses on 
the shaft of the metallic drum of the current-distributing 
machine. The springs before alluded to press on the cylin- 
der through perforations in a strip of paper on which is 
arranged the music to be played. The springs are attached 
to a bar which may ht turned back so as to remove the 
springs from the paper strip and the drum to facilitate the 
introduction of a new paper strip. Above the drum is 
placed a wooden roller, the gudgeons of which are pressed 
downward by springs— the roller being designed to insure 
sufficient friction of the paper to carry it with a positive 
motion through the machine. A worm wheel secured to the 
shaft of the metal drum is driven by a worm on a shaft 
extending at right angles to the drum and carrying a spur 
wheel which receives its motion from a pinion on the shaft 
of the electric- motor.* 

When the electric chime is connected with a clock, as 
shown in Fig. 155 it is necessary to provide a very long per- 
forated paper strip or to employ a perforated endless paper 
belt, and to provide means for starting the motor at the 
proper time and stopping it when the piece is finished. The 
mechanism for doing this is shown diagrammatically in Fig. 

» Any electric motor will answer. This particular one is described in 
detail in Scientific American Supplement, No. 783. 
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15!) In this case the Ict-ofT mechanism is arranged to operate 
every half hour, but, of coui\se, it could be made so as to 
operate every quarter hour. 

On the minute hand arbor are secured two cams, a, and 
to the frame of the clock is secured the spring arm, B, fur- 
nished with a triangular arm projecting into the path of 
the cams,<L The free end of the spring- arm carries a weight, 

Fu;. 156. 




Lt-fOn' Mt'rhauiism. 

and in an insulating bar, placed l)etvveen the arbor, A, and 
support of the spring arm, H, is inserted a contact screw, 
C. The spring arm, B, is held normally out of contact witli 
the contact screw, C. When the arm, B, is raised by one of 
the cams, #f, and released, the momentum t>f tlie weight at- 
tached to the free end of the arm carries the arm beyond its 
normal position and momentarily close.s tlic circuit on the 
contact screw, C. The electrical contact is prolonged by 
virtue «>f the mt»menturn of the weight and the bending o'" 
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The contact screw, C, is connected with one pole of the 
battery, and the remaining pole is connected with one term- 
inal of the magnet, D, the other terminal being connected 
with the spring arm, B. The contact screw, E, is connected 
with the battery in parallel with the magnet, D, and a wire 
running from the battery is connected in parallel with the 
wire leading to the contact screw, C. This wire connects 
with the motor, F, which drives the paper-carrying drum, 
and also with the auxiliary contact spring, c. The paper 
strip has a single perforation, /, located at the end of the 
piece of music, through which the spring, r, may touch the 
cylinder. The armature lever, d, is pivoted midway be- 
tween the magnets, H D, and it is held in either of the two 
positions it may assume by the double-acting spring, e. 

When one of the cams, a, raises the spring arm, B, and 
allows it to fall, the current from the battery is momentarily 
sent through the magnet, D, thereby drawing over the 
armature, <^,and bringing the contact spring carried by the 
armature lever into contact with the screw, e\ and although 
the magnet, D, ceases to act when this is done, the spring 
remains in contact with the screw and the current flows 
from the battery to the screw, E, thence through the arma- 
ture lever to the motor, F, and from the motor back to the 
battery. This starts the motor of the current-distributing 
mechanism, and the current is sent to the one or the other 
of the bells, according to the position of the holes in the 
paper strip. 

When the end of the piece is reached, the spring, r, 
forms an electrical contact with the metallic drum through 
the hole, in the paper strip, G-. The current from the 
battery then flows through the screw, E, and armature 
lever, d, to the magnet, H (whose resistance is somewhat 
less than that of the motor), thence through the metallic 
drum back to the battery. The armature, is thus drawn 
over to the magnet, H, and the circuit is broken when the 
motor stops, but all the parts are ready for another opera- 
tion and the circuit of the battery is left open. 

The contact springs are ^ inch apart from center to cen- 
ter, consequently the longitudinal lines on the paper on 


AN ELF.lTRIt’ CHEMK. 

which th.e holCvS arc punched nnist he '4 inch apart. Tiie 
iransvt'r.sc or time di visions may be ‘4 inch or more ciptirt. 
'Phe distance will dc})cnd on the speed of the motor Jincl the 
character of the music. In the example shown in Fi^. 157 
the transverse lines arc ^,4 inch apart; the music bciu^ com- 

Fk;. 157. 


Tlio Muhic. 

posed entirely of quarter notes permits of this arrange- 
ment. 'Phis example shows the beg’infiinii^- Eind the eml of 
tlie tune Vespers. The holes represent the ])osition of the 
notes otE the staff. It is a very simple matter to transfer 
any piece of music ton strip of patier ruled in the manner 
iiulicated, it being' only necesstiry to remember tlnit on the 
[Eosition of tlic note iti the scaile depends the locution of the 
hole (m the transverse line, while the relative positions of 
the holes on the longitudinal lines determine the time and 
the length of the note.s. 

'Phe following is the music of the Westminster chimes 
for the first, second, and third tiuarter of the hour and the 
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This music can be readily transferred to a strip of paper 
like that described. It is necessary to bear in mind that if, 
on paper divided as shown, one space represents the dura- 
tion of a quarter note, two spaces would represent a half 
note, and four spaces a whole note. 

THE STUDY OF THE STARS. 

During the beautiful autumnal evenings few persons 
can look up into the starry dome of heaven without long- 

Fig. 158. 
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The Luminous Star Board. 

ing for a better acquaintance with the glowing orbs whose 
radiance meets the view in every direction. If one 
turns to the star maps and books of astronomy, there will 
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l)e foimd c'lcarl}' hud down tiic history, luiincs, colors, 
uuig'nitiidcs and positions of all the principal celestial 
bodies. Hut when, after studying*; the. map, he j^oes out of 
doors, thinking- to carry the chart in his mind, and easily 
to locate and recof^nize individual members of the glitter^ 
ing' host, he is sadly disapj)ointed. To his untrained eye 
the g'lorious stars appear the .same as before, all mixed in 
inextricable confusion; and for him the map is of little value. 
I)iscoura|4'ed with the result of this first effort, the majority 
of people, alumdon the matter and go through life without 

Fa., is«> 



Lurninous Stars, 

ing, and on it are placed the paper stars. The holder of the 
board glances upward at the sky, notes the position of the 
stars, and then arranges their counterparts upon the 
luminous board, the glowing purple light of which, even 
in the darkest night, enables him to do this with the utmost 
satisfaction. The movable stars being thus arranged 
and fastened upon the board, it is taken indoors and com- 


Fig. i6o. 


One form is as follows : 1 provide a sheet of card- 
board, say two feet square, one side of which is covered 
with what is known as luminous paint. This remark- 
able substance has the quality of storing up the sunlight, 
and gradually delivering the same in the darkness. The 
paint is a chemical combination, chiefly of lime and 
sulphur. This luminous sheet I pin upon a light wooden 
board. 1 also cut out of common cardboard a few small 
stars of different sizes, to represent stars of the first, second, 
third and fourth magnitudes, and provide each star with a 
‘Central pin. 

In use the luminous board is held as shown in the engrav- 
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pared with the map or chart, whereby the selected group is 
instantly recognized and named. 



In this simple way the forms, positions, and component 
stars of all the principal constellations may quickly be 
leaped by any person without a teacher ; and the study, 
while it instructs and impresses the mind, is, in the highest 
degree, fascinating. 


now TO COI,OR LANTKRN SIJDKS. 
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A still vsimplcr device, but in the vSiuiic line, is to cut the 
form of the stars out of the luminous cardboard, and then 
arranf^e and pin them as before described u])on the surface 
of a wooden board, say two feet scpiare, painted dead 
black. In this case the movable stars will ajjpear luminous 
on the board, even in the darkest iuj>;'ht. This is illustrated 
in Fig. 159 Instead of using ordinary pins, wire round 
stajilcs bent up as shown in log. 160 will be fountl con- 
venient ; these arc easily lingered and quickly placed as 
desired. 

A light, convenient, non-warping star board may be made 
by gluing together, crosswise, three sheets of pine wood 
veneers. It is needless to occupy space in describing all 
the u.ses of this device for promoting the first lessons in 
star study. vSiifhce it to say tliat with the contrivance in 
hand, together with star maps, such as tho.se that were jirc- 
[lared for the ScncN'rtKrc Amkuk’an by the late Richard A. 
Proctor, any person may .soon become an intelligent student 
of the skies ; and tlie preliminary knowledge thus gained 
may be supplemented by reading other a.stronomical books. 
— rl. li. Beach, in Scientific American. 

now TO COLOR l.ANTKRN SLIDKS. 

Nothing is more interesting and satisfactory to the 
amateur [jhotographer than to place upon the screen, by 
means of a good lantern, the results of the summer’s woi*k; 
and, while it may be (pie.stioned whether anything can bo 
more tlesirable for projection than a really (irst-cla.s.s, well- 
toned lantern slide, yet experience proves that the majority 
of people who enjoy an evening with the lantern are pleased 
when a well-colored slide is shown. 

A suitable subject carefully printed and artistically 
colored, wiien reflected from the .screen, strongly resembles 
a huge water color picture, the great difference between 
sudi a {licture ami a water color being a siqierubundanec of 
tletail, wliich is inherent in photogiaphic pictures and which 
i.s not desirable in a water col(jr. A photograph can be made 
which will answer admiralily for coloring which would not 
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taken thnni^li a lar^e clia|*lua^in mi u tili lull mih iuii-. Tht- 
foreLjTcmiul is made shat‘|i. u'hsir li»r tltHiaiii r and 

distance are stdlenetl diiwn lH'jn4 a little *nst *»l lueus; 
liowever, it is tint advis,il>ie l«* trv l«( make nei^altvrs 
expressly Inr colured pictures. 

'ri\e print Cor coloring*: slu mid be iniHlrr.ilelv Itu'lil anti 
witlunit ^rt‘at t'ontrasts. Inkv shatl«»w ai'e to l«* av*ii»|et|, 
and it is well to vijbjnette oi’f tin* liisiatice loipve almo^plierr. 
The sky shoultl be trans|>are!tl. unit tioud elfet ari‘ ftt 
be shown. While specks, pin boles, and lint are vrrv 
damag;in^ to an otherwise tine lantern *dii!e, finn' entirely 
spoil a picture for colorinii. In a pitinre well broken up, 
as in a woods scene, wltere little skv appt*ars an*! when 
tliere is no [ducitl water, tliese sinall dtiet ts do little harm ; 
but ina sky or in a t lear lak«- or poml, tbev « an ne%sn be c«»rn 
cealed or renuived h<» as t<i be mmotierd, so that thr' first 
requisite fora icooil eolored lantern slide is a I'ood piint ot 
the {iroper intensity, anti with transparrtu li{4lits. The 
secotul requisite is a ktitiwle<l|,jr «»? coIoi>h ainl i oloitni*, *iiul 
the third and last thitij^ neetled an a<>»*»i»rtnient of t olors 
and brushes. 

With re|ifard to the slide itself, it mii^tit In* ineniiorical in 
pa.ssin|4 that anything which temis to harairn the lltm in 
tlevehiping, tijciug, or after treatment interferes wills the 
tree working of thecsslors. For instans'c, aUini in the fixing 
bath, intensifying amt reducing HsslutsonH all irmi to harden 
the film and prevent the free abwirptitm «»! color. 

The first operutitm in lantern slirle rsiloritig is it» «»iik the 
plate in cold water until the film will alnMirb no more ; then, 
while it is still wet, go over the rnttri? stirfa«'r of the liirn 
with a thin wash of warm color, which may l»e either 
yellow or pink, depending u|Km the suhirct, rids kills the 
chalky whiteness of the high lights, and gives the entire 
picture a warm and desirable tone, even tliongli the %vasti Is 
not sufficiently stror»g to Iw detecte^d when the picture In 
thrown upon the screen. 

The cohirs used for this |mr|i«>se are tr*iiis|iarent aniline 
colors prepared for coloring plitgi^riiphs. They arc lakded 
brown, blue, violet* flesh, orange, green, and mi on. The 



Lantern Slide Coloring, 

surface of the film Is ullowtul to dry off, leaving the film still 
H welled and wet, Imt vvilluiut the surface water. 

The jji’cpared colors cun rarely be applied to the slide 
without reduced with water. Sometimes the best 

effects are })rt>ducecl by mixiui^; diflereut colors before ajjply- 
tlieui, wlule iit other cases the effects arc secured by 
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ordinary aniline dyes may be used instead of the prepared 
colors, as they are practically the .same. The inanipvdatioii 
of the colors is the same as in water color painting-. The 
film is kept wet continually from tlie beginning to the end 
of the operntiou, but after the broad washes of the first 
warm lint and the final sky color, flu* water lying on the 

Fio, i6r; 
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se|)unitt' wusht's »>l uasti 

of c'olor sinks intu tht* iilin am! i'» ii««t rriiit*vri| l»v a \%ihsv. 

(lucnt wash, 

Altlumgii anoasfl ui’ likr 4 rrlmiiiiiiiu 
frunu* may hr ust*ful. the writer prrirrs t«» imlti ilir slsiit* in 
the luind, as slit>wn in the en^^ravini^'. 't'tir wc't |»lalr i\iiciil 
ill a sliji»‘htlv inelined posittni} in ftiinl of 4 Liiis|» nr«n'itieci 
with a plain {»pal ur Krtmrnl |»lass .nhatlr. The writer pne 
fers artificial li^ht hir eolnriirn* as tiie pielnirs are t«i In- 
shown j^enerully hy artificial wiiiih is vcIIhw . If ifif 
pictures are clesii^netl h»r pruje* tinti |»v snnlighi, it in ni|.. 
douhtedly better t<» c<»lt>r tfietn in d.ivtiKht 

The first wash is pref«‘rah!v put wliilr tlir 
held in an inverted position, anti while it is sidl thnvini^ the 
blue is added for the sky, at firsf vn v light near the horizon, 
increasing in intensity toward tlie top of ihr slide. After 
this wash is set and superfluotiH water ftan rva|Miiatrd, tlir 
water accuuuduting along the lower edge of the plate ts 
removed wnth the fingers, and the sliilr i*. turned sight Hide 
up, when the extreme distance, whether it !«• stsonntaiii or 
foliage, is covered with a light wash of blue, and tlisH wanh 
is brought well down toward the loregnnind. If the blue 
appears cold, it can lie toned tltmui by a very light wash of 
yellow or red. Trees in tlie middle distance ran now lie 
gone over witli a light wash of orange or orange rvifh at 
little of the flesh coUir or pink iitided, When ttear the fore* 
ground a very light wash of gretm is applied to the foliage, 
but the raw green of the color set cannot In- iiHeil for this; 
it must be modified by the atldltion of orange or of browan 
If when applied the green appears loo cold, It iiiav Ik’ bmrti 
down by a light wash of brown, of orange tir flrsli t'olnr,. 
It is desirable to produce variety in the foliage. 

Rock.sin the distance are washeti with blue and tlir color 
is subserpiently motllfied by Wiishes of re*l or linovm 
Trunks of distant trees and some rocks may l*e Irfl nearly 
the original color of the photograph, but near r«i*k«%;tiid tree 
trunks may be tinted with brown, blue, tir warm green, and 
subsequently modified by washes of green, red. brown, yel- 
low or orange. 
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now TO COLOR LANTERN SLIDES, 

It is useless to trace the smaller brunches of trees and 
shrubs, and it is rarely necessary to deal with sin^'le leaves 
or blossoms ; when this must be done, a jeweler's eyefi;iass is 
recjiiired, and fine small bruslies are used, ^reat care being- 
taken to keep within the outline of the objecd being colored. 
In all this work the artist does well to renuanber that the 
coloring is to stand the test of great magnilicatioii and 
strong light. 

The plate is apt to dry out in .some places while the 
coloring is going on at other place.s. As coloring cannot be 
successfully done on a dry surface, it is important to wet the 
surface before proceeding. 'Phis is done by applying water 
witli a soft camel's hair brush. After the surface water has 
disapptuired, the coloring may proceed. 

It is ol)viously impos.sible to mention every modification 
of color that may be produced by mixtures and washes. 
This is sometliing to be acxpdred by practice. The writer 
iLscs very few colors, rarely more than the following; Blue, 
green, brown, orange, llesh, rose and yellow. 'Phe last is a 
strong color which must be aiiplied with caution. Green 
and blue are also strong colors which can never be applied 
without the admixture of a warm color, or a subsequent 
wasli of the same. Brown in different strengths has a large 
application. It is useful in toning down bright greens for 
rocks, tree trunks, earth, etc. A wash of blue over the 
brown produces a u.seful gray. A light wash of blue or 
green over tlic different reds produces a variety of grays. 
Black much diluted is useful for toning down tiortious of 
the picture. 

The principal points to be observed are to keej) the 
plate alway.s wet, to use light washes, to modify color by 
sulxsequent washes, and in working up details to preserve 
the outlines. 

Should a small area be over-colored, the coltir may gen- 
erally be partly removed by means of a soft brush charged 
with clean water, the brush being gently and repeatedly 
passed over the spot. The brush is frequently washed dur- 
ing the operation. When the broad washes show streaks, 
or when the entire slide is too highly colored, or the effects 
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are imsatisfuctory, tiu* only rc-nieclv is tt» plaer the slide in 
cold water and allow it to stmk, with tH CUHiuiial idumurs of 
water, until the color is partly or etitirrly reiiioved. 

It is wtdl enoug'h to hear in mind that a coUired lantern 
slide bears all the color tiuit is to appear «>is the scfwii ; cim» 
sequently it must he iinu'e hi|^hly c<»loreti than a tninspar. 
cncy for direct vision. On the screen, however, a picture 
is better under-colored than over-colored. It will often be 
found that prints which are too light ;uu! flat for use as 
plain slides atiswer very well when tailored, and ptetures 
wdiich are too dark for use us plain slitlrs iniiv be tinted 
with blue and presented as moonlight serenes. 

The tone of the picture may be alferrtl bv riieans of 
colored screen.s placetl in the lantern before or behind the 
slide. The.se tinters are made by elearing unrxpi»Hrd plates 
and going over them witfi tlifferent washes, A blue screen 
lowcr.s the tone. A junk screen warms tie* picture and 
tends to give a purple tone. A yellow screen warms the 
picture and imparts a sutdight effect. 

Brushes for thus w‘ork shotdd Iki of the best t|tjalii v, very 
i.oft and pliable, anti suclr as are ustnl for wot king up detail 
must have a fine point. 

This method applies to portraits ant! hgnre pirt rs. 

The colored slitle.s are generally rtnnintetl in the same 
manner as the jilain ones. If, however, the highcHt |ii*rfec. 
tion is .sought, thin plate glans in ustnf for the wmsitive 
plates, and glas.H of the .same kind is nse l ft»r covers, the 
cover and colored picture tieing cemented together with 
Canada balsam. Made in this way, the slides are more trans. 
parent; but in view t»f the extra trouble amt exiienm*, the 
improvement over the uncementetl Hlitltmb hardly sutlicient 
to warrant the general application of this meilioti 

Since the above was written, Mr. Dwight L. KImrmtorf, 
of this city, has written a bmik on the subiert of coloring 
lantern slides, in which he recommends colors of hk o%vn 
preiiaration claimed to be permanent, and whicit rrijtiirc 
the hardening of the film liy means of the iip|iltotii»rt of a 
Sf>lution of alum before the final washing. 
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tklepii()T()(;kai'iiy. 

Every photographer has seen opportunities for mukkig 
desirable photographs when clustance interposed an insur- 
mountable obstacle; for example, it may be desired to photo- 
graph a group of cattle in the field, which would be scat- 
tered on the approach of a human being, or a distant but 
inaccessible mountain which could only be seen to advant- 
age from a neighboring hill, or a bit of scenery on the 
further side of a river or lake, and hundreds of other scenes 
which attract the eye of the photographer, but which are 
practically beyond the reach of his instrument without the 
device described in this article, by means of which the 
object may be brought into such close proximity as to make 
the work of the photograi)her very easy. 

Given a distant and inaccessible object, the necessity for 
a photograpli, and a photographer desirous of j)roducing 
such a photograph, and we have all the conditions for the 
practical use of the telephotographio attachment herewith 
illustrated. 'I'his is not a tclephotograpl\ic objective, but 
an achromatic negative combination tt) be attached to an 
ordinary photographic lens to amplify the image produced 
by the lens from three to eight diameters, thereby repre- 
senting the ol)jcct at from one-third to one-eighth the dis- 
tance shown by the lens without the attachment ; in other 
w(mds, it enables the o[)erator with a photographic lens to 
obtain a photograph of an object on a much larger scale 
than can be (ibtained with the lens alone without the tele- 
photograph i c a 1 1 a c h m e n t. 

During the late war with Spain, the desirability of pro- 
curing photographic negatives with the aid of a telephoto- 
gra()h became very apparent. Mr. Dwight L. Elmendorf, 
of New York city, who has made a special study of this 
method of pliotography, followed the campaigns in Cuba, 
both on sea and land, and with the aid of the telephoto- 
graphic camera obtained some remarkable photographs of 
tre^ops in action. Many of the,se photographs were taken at 
a great distance from the scene of action, so that the photo- 
g^rapher was in comparative safety while engaged in taking 
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the views. The results obtainetl. however, thi ru»t justify 
this supposition, as, fnnn all appearaut^es. the tucu appear to 
be in close proximity to the ratnera, and one would jud|,at 
that tiic intrepid photoj^rapher was having a hot time* td it. 
There afe inunense possibilities of a very pruetieal nature in 
the use to which this methotl of pfiotographv ran be put. 
and it should prove of great value in warfare in cleterinining 
the nature of .th« tjnemy's country, in making oliHervatioiis 
of special objects and fortihcalions, and in ol»tuining a 
record of the positions of tniops while maneuvering nr in 
action, while they are at a ctmsideralde distanee. 

Wc give an example of the wtn k that may 1 m? obtained 
by the use of the telephott>graj)hie attachment. Tin* njualler 
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back of the camera box is 22 inches in length, and is used 
fully extended only for magnifying s'x, seven or eight times. 
For making views with a magnification of three, four or five 
diameters the rear bellows is closed, and the apparatus is 
supported on a single tripod. 

The telephotographic attachment represented in one of 
the engravings with a Zeiss objective inserted in the outer 
end is shown partly in section, to more clearly illustrate 
the construction. The rear or flanged end of the attach- 
ment contains an achromatic negative or concave lens which 
corresponds to an amplifying lens in a microscope or tele- 
scope. To the tube containing this lens is fitted a sliding 
tube, in the front end of which is placed the photographic 


Fig. 166. 



Course of the Rays through the Telephoto. 

lens proper. The sliding tube is adjusted by means of a 
rack and pinion; the latter being turned by the milled 
wheel. 

As the amplifier magnifies any imperfections that may be 
in the lens to which it is applied, it follows that none but 
the finest lenses can be used in connection with the attach- 
ment. It has also been ascertained that it is necessary to 
have the negativeTens fitted to and corrected for the photo- 
graphic lens with which it is used. After the rays cross in 
the photographic lens and diverge within the camera, the 
central ones are rendered still more divergent by the achro- 
matic concave lens taking the course shown in the diagram. 
It will be seen that only a small portion of the rays received 
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and transmitted by the photographic lens pass through the 
amplifying lens. The time of exposure is, of course, much 
longer with the telephotographic attachment than with the 
photographic lens alone ; that is, it is approximately propor- 
tional to the square of the magnification. For example : 
If, with the photographic lens alone, the exposure would 
be one sixt3’'-fourth of a second, with the telephotograph 
adjusted to magnif}^ eight times, it would require an expo- 
sure of one second ; but there is considerable latitude in 
exposure in a telephotograph, and it is well enough to give 
a little more time than the rule calls for. 

The principles underlying the use of the camera for this 
kind of photography are so simple that there is no reason 
why anyone having any taste for photography should not 
quick y become accustomed to its manipulation, with results 
that will be found most novel and gratifying. The expense 
is trifling, as the ordinary camera and lens may be used, the 
extra length being obtained by means of the box extension 
at the back of the ordinary camera. This box extension is 
clearl}" shown in the engraving. Of course, owing to the 
length of the complete apparatus when assembled for tele- 
photographic work, two tripods are necessar3A We present 
in one of the views a detail of the telephotographic attach- 
ment and a diagram showing the path of the rays before 
they reach the plate as indicated above. The whole sub- 
ject is teeming with interest for the amateur photographer, 
and the most interesting and startling results are often 
obtained. 


THE chromo-camera. 

The chromo- camera is the name given to a new appa- 
ratus for the study of colors and colored lights. It consists 
of a cardboard box measuring 6 x 6 x 3^- inches and open at 
one end. The box or camera is covered with black cloth 
and the interior is lined with dead black paper. A cover, 
also black, closes the open end. On one side is an opening 
3I X inches, the lower edge of the opening being i inch 
from the bottom of the box. With the box are three 
^‘tinters,” such as are used in color-projection lanterns. 



These tinters are inaile bv iiielusinn a tih 
tine between two lantern shtle euvers. 
placed (Jver the lihn between the ^biH 
whole is bound with paper on the et||^eH. 
is a deep orang^e red, one is yellowiHh grt 
is liglit violet ; these three tints in a eotor 
give a white light tut the scfern. I he 
with the camera a iiund>er ni scpiares t 
such as are soUl in jmekages td asnorted 
kindergartens, st»tne coloretl labHrs, rib 


school lectures on the study of serist? Impresiloiw «f color. 
The color-camera is usrtd tn esEarnine the? colors of objects 
placed in a colored light, attd to enable the studctit to 
mingle dilTused white light ami a colored light in various 
proportions. The inventiem In ht?re descrilwfl for the first 
time, and is freely dedicated by the author to the use of 
students and teachers. 
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To use the color-camera, place a table close to tlie win- 
dow baviuf^ a nortli or sky lif^ht free from rellcctions from 
build ing-s or trees, and cover the table with black cloth or 
paper. Remove the cover from the box, and place it on 
the table with the opening' uppermost and with the open 
end away from the light. The side curtains should be 
drawn together to mask the light from the eyes, leaving 
only a space in the center a little wider than the box. 
Draw the sliade down to about on the line of the eyes when 
seated behind the table. Two or three persons can sit at 
the table where they can sec the interior of the box. The 
teacher or operator should stand at one side of the table 
behind the curtains. Herb the tinters, cohn-ed ))apers, etc., 
arc in ea.sy reach. 

The l)ox is now fully illuminated by the light that falls 
through th(‘ opening and by the reflected light that enters 
the open end. Place a sheet of red paper in the Ikjx. It is 
plainly visible. Now lay a hook over the o])ening in the 
l)ox. The red paper now ap[)ears to be almost black iti the 
dark box. 

Remove the book and puiicr, and place tlic red tinier on 
top of the camera near the hack, vSlide it slowly forward 
toward the light and let the students watch the interior t)f 
tlie camera. When the glass lits the frame, and covers the 
opening, tlie interior of the camera appears to be of a very 
dark red, the color being faintly visible near the edge of 
the cjpening at the back, and fading away to dead black 
inside the camera. Place a sheet of white paper in the 
camera, and it ajipears a briglvt pink. The fingers are rosy, 
and a white flower is pale red. Tlie effect will be improved 
by placing the cover of the box tin edge just above the 
opening. Remove the red tinter, and the pa[)er is again 
white. Place the green tinter over the opening, and the 
paper is a pale grass-green. Place the violet tinter on the 
box, and the paper is violet. 

What has been accomplished? 'I'he light contains all 
colors. The tinters act as strainers. They shut off tir strain 
out all colors except one. The paper capable of reflecting 
all colors (white) finds only one, and, therefore, reflects that 
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one and no other. It wonltl reflrti it pcndertiv wvrv it rmt 
for the fact that S(«ne white li^^ht is reflectrtl into the Imek 
of tlie box, and minifies witli the enluted lii^ht. It is tfiis 
that causes the paper t<i appear pink uraler the red tititer. 

Remove the white pa{>erand put the red tinier in place. 
Flit a red paper or red thnver in the eainera. It appears a 
deeper red. Now renmve the cover from the top of the 
box, and let the operator holtl the sheet of wlntc* l ardlMianl 
ujirii^ht on the edge of the bi»x. Now genii v tip it forward, 
and at the same time move it backward. It in ts as a retire- 
tor, and throws more white light into tin* ho\, and the red 
flower changes its shade of red. becoming lighter in shade 
as more white light mingles with the eohned Itgftt. 

Remove the flower, and place a sheet of pale yellow 
paper in the camera. It is now a tleep golden tnangr, and 
by the aid of the reflector, the eoh»r can he made to i liange 
from yellow to orange. The same effect ran be prodm ed 
by sliding the tinier buck to allow a thin sheet of light to 
enter the(4»entng. Remove the ye!l*»w pa|«er, and phn'c a 
sheet of green paper in the camera. It appeals neither retl 
nor green, but yellow. The eye is now rereiving two sen. 
sations, a sensation of red from the red ligfit in the eamera 
and a sensathm of green from the green paper partly illti* 
minuted by white light that contains green. The componml 
sensation we call yellow. Ry sliding the tintrr barkivard, 
or using the reflector, jiaper can be made to pa^sh frcmi 
green to yellow through many l>eiiutlfiil tints and sliaiies. 
Place a white rost‘ in the Ik»x, and we shall see a pink roM* 
with ytdlow leaves. Place a t»lue flower or blue paper In 
the camera, and we shall sec a purple flower or pafier. 

Put the green tinter on the camera, N«nv yellow |iaper 
is olive green, blue {>aper is Nile green, liriglil red paper h 
dark brown. A red rose is almost black brown, while its 
leaves are a vivid green. Slide the tintrr forward and 
back to ob.serve the cc»lor change. Try the violet tinter, 
and under the violet light every color will siificr riitllem 
change.s, as the proportion of white light m altcovrd to 
mingle by means of the reflector with the colored light. 

These ex|‘)criments, novel and lii^autlful as they are. can 
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be greatly improved by using the color camera in full sun- 
shine. I’lacc the table close to a sunny window in the full 
sunlight, the best time being between 12 and 3 o’clock. 
Draw the shade down till its shadow just touches the, back 
t)f tlie camera. Now the shaders of the camera will fall on 
the black cover of the table, and upon it will be a square 
of sunliglit from the opening in the box, this square of light 
being partly within the box, according to the j)osition of 
the sun. By tilting the box up at the back it can be thrown 
inside the box, but if the curtains are closely drawn, and 
the other windows are darkened, the effects can all be seen 
on the table outside the box. 

Now all the experiments can be repeated with the most 
brilliant results. With the red tiiitcr a sheet of blue 
pa[)er appears a wonderful purple, green is a splendid gold 
color, and yellow a red orange. Every color, single or 
compound, will appear in marvelous brilliancy, and tlie 
students will be lost in wonder at the endless coml>inations 
of tint and shade of flowers, paper and other materials 
under the magic of two lights, white light and a colored 
light. 

'bake a piece of cardboard and cut in it a small cross, 
star, or other figure. Lay this over the red tinter, and in the 
camera we shall sec the figure in vivid red on a black back- 
ground. Place a green paper in the camera, and the figure 
seems to shine with an orange yellow light. Try each 
tinter in the full sunlight, and a great variety tif beautiful 
effects will be observed. 

Next take the color camera to a go; d north light. Place 
a sheet of white paper on the bottom of the box, and upon 
this lay a penknife, rule, pencil or other small object. Put 
the object about an inch from the front of the box. The 
light that falls into the open box causes the object to cast a 
shadow on the white paper. Now place the violet tinter 
in the top of the box, next to the front Now let the oper- 
ator move the tinter slowly backward till it covers the 
opening, while the students fix the attention upon the 
shadow in the box. When the opening begins to be closed 
by the tinter, the shadows deepen. A faint violet fringe 
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appears on the edge. This gnnvs ilerper ;uhI deeper as tiur 
violet twilight iu the ht*v deereases. Suchleiih . amither 
color appears. 'I’he sluulow suggests velhnv, atul just as 
the timer closes the o^aaiiug the gtay shadow turtis to a 
pale ghost-like yellow. By usiug the reflei tut the shallow 
can be made to turn from grav to yellow at will WItli the 
red dnter the shadows are green, with the green tintc*r they 
are red; in each case the siiadow is ot the eoiiiplenirntary 
color of tlie tinter. 

Students and teachers will hud the cliromo-cainera both 
useful and entertaining in the sludv of i nhu. Such e\perl 
merits tend to train the eye to a liner appreciation of the 
distinction of color, Ime and shade, and sui h training can- 
not fail to adtl to our enjoyment of nature ami art. 

gUAURUfl.K CtlMl'OOMi ItAliUoxn Mnllnx, 

HY M. j. iiojaaoa*. n.j. 

As the science of physics atlvances, harimmic motion of 
some kind or other is found to Ih^ at the bott»tin of almost 
all phenomena. Some of the evperiments. enpet lallv those 
in compound harmonit^ motion, arc verv interc’nting and 
instructive. The physicist's ordinary itiHtrument lor tfsb 
purpose is the ilouhle peiuluhing in uhu h a nct^dlr in made 
to trace upon a glass plate tlie resultant of two pendulum 
motions in planes at right angles to one aiioiltei. If the 
two pendulums are isochronous, the needle will trace straight 
lines, ellijises, or circles, acc'ortliug to the phase of oscillation. 
If the pendulum.s art* not isochronous, but of lengths oirre* 
sponding to the squares of the ratios t m, 2 ^ y, 1 14, y, 5, etc,, 
the needle will trace a series of curves similar to those 
represented on page 432, i, 2 ami 

If, however, the plate-holder itst*lf be sys|iendetl by a 
thread, so as to move without friction, and then lie attached 




efTcct can easily be imagined --a perfectly dark field, receiv- 
ing gradually bright, white light, in the shape of magnificent 
curves, circles, stars, and an almost unlimited number of 
other figures. 


QUADRUPLE C'.OMPOUXD HARMONIC MU'l'lt)N. 
Fig. i63. 
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Figures Produced by the Quadntple Harmonic*M«Hian PeiuluUmi. 

Fig. 168 represeats a quadruple harmonic motion |)en- 
dulum, designed by the writer and constructed under 
the direction of Rev. T. J, Freeman, S.J., professor of 
physics at Woodstock College, Woodstock, Md., and used 
with good effect in a public lecture on harmonic motion. 
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Figures fVoducetl hy the Quadruple Ilarmonic-Motlun Pendulum, 
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It consists of a solid table 40 inches in height; four 
leaden pendulum weights, of 12 pounds each, and capable 
of being raised or lowered at will ; four ^-inch brass tubes 
resting upon knife edges and carrying gimbals at the top 
with steel wires, which are connected hinge-fashion with 
the needle, N, and the plate-holder, P. This plate-holder is 


I 



i6— Ratio 59:60. 17— Ratio 9:11:13:15. 


Figures Produced by the Quadruple Harmonic-Motion Pendulum. 

suspended from a standard 20 inches in height, and carries 
a darkened glass plate, upon which the needle moves and 
traces its cij-cuitous paths. An excellent plate-darkener has 
been found to be a thin coat of vaseline covered with lamp- 
black. These plates, if covered with another coat of varnish, 
serve the purpose of first-class negatives for photographing 


QUADRUI’LK I'OMroUN'l) HARMONIC MOTION. 425 

the curves. Then tliere is the ordinary a{)paratiis for pro- 
jection, L, being a metallic inclosure for the lamp, and the 
key, K, the axis of a mirror which reflects the light up 
through the i)latc, P, and into the prism, M, whence it is 
thrown upon a screen. And last, but not least, there is a 
contrivance for determining the pliase and amplitude of 
vibration, two elements in the.sc figures only second in 
importance to time itself. The amplitude depends upon 
the length of the cord, r, which, beginning at tlic key, K‘, 

Fto. :( k ). 


iH'r 


Lpt-nn M(schsini»m. 

and passing down through the tube, T, and then through 
the .Hcrew«eye,x’, is fastened to a .small hook, //, hanging from 
the Idtu'k, This hotsk is raised (thereby pulling the 
pendulum toward thti screw-eve, /,n aud put uf> through a 
hole in the block, ih at the top of which tlie Imok is caught 
by the end of a little lever, / (Mg. iby). This lever is con- 
nected with the adjacent pendulum, r?, by means of the 
thread, i*, whose exact length, adjusted by means of the 
thumbscrew, s (see Fig. id8), determines the phase of 
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Fig. lyi gives a view of all three levers and their con- 
nections, and Fig. 169 the same in a different position. It 
will be noted that pendulum, a (Fig. 169), is set off by hand, 
and then a, pulling the lever, /, sets off pendulum, d, then ^ 
performs a similar service for r, and c for d, and supposing 
each set of pendulums to be isochronous, both needle and 
plate will circle around in the same direction; that is, 
counter-clockwise. In Fig. 169 the needle and plate take 



Method of Plotting the Figures. 


opposite directions, thereby producing an entirely different 
class of figures, each class containing an endless number of 
varieties, determined by modifications in time, phase and 
amplitude. A few of the more striking figures are shown 
in the accompanying cuts. 

It may be asked here whether there is any way of telling 
by inspection the amplitude and oscillation ratio of the two- 
circular motions required to produce any of these figures. 
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The answer to these questions is much simpler than may at 
lirst be imagined, hirst, the ratio of oscillations may be 
known from the number of points or loops in the figure, 
since the number is always equivalent to the sum of the two 
numbers of the ratio, e. g., 2:3^5 points or loops (2, 5, 
6, 7), 3:4 = 7 (2, 8, 9, 10), and 5:7== 12 ( 2 , ii, 12), But 
how can a person tell whether, for example, the ratio 
was 5:6=: n, or 4:7:^ii? By this simple rule: The 
lesser number of the ratio is invariably one greater than the 

t7r. 



Gauitng Needle and Plaie 10 Move in Opposite Directions. 

number of points or loops cut olT by any line in the figure, 
as may ea.sily be verilied in 2, 6, 8, 9 12. Secondly, the 
amplitude of the two circular motions may be found in 
the fttlluwing manner: The distance from the center to the 
furtliest part of the figure is the sum of the two required 
amplitudes, and the distance from the center to the nearest 
part of the figure is thedilTerenccof the two amplitudes, and 
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may be varied by a simple change of amplitude. 2, 13, 
14 and 15, 16, show how the resultants may be varied by 
starting the plate and needle in the same or opposite direc- 
tions. 17 is a sample of what may be obtained by having 
all four pendulums of different lengths. 

19 shows how the resultant of quadruple harmonic 
motion may be plotted beforehand and then verified upon 
the pendulum. The diameters of the two circles represent 
amplitude of swing, and the divisions of the circumferences, 
distances traveled in equal times by the needle and the 
plate. Then the algebraic sum of the sines and cosines at 
each instant, i, 2, 3, etc., after starting will give the exact 
position of the resultant at the same instant, and a line pass- 
ing through all these points will describe the figure which 
the combined motions of all four pendulums would, under 
the given conditions, produce. 

It may be remarked in conclusion that the star-shaped 
figures beautifully exemplify the action of plane polarized 
light in passing through quartz crystal, where, according to 
theory, the beam is broken up into two circularly polarized 
beams going in opposite directions and at different speeds, 
thereby shifting the original plane by an angle proportional 
in size to the thickness of the crystal. 

NODES AND LOOPS. 

BY M. J. HOPERER, SJ. 

To anyone who has ever attempted to explain the action 
of sound Avaves in an organ pipe, the contrivance shown 
will at once commend itself. Ordinary textbook diagrams 
serve only to bcANulder the student on this somewhat intri- 
cate point in physics. He is constrained to fix his attention 
at one and the same time upon two different longitudinal 
waves meeting each other at every possible phase and 
always under the guise of sine curves. What a relief could 
he turn from the lifeless page of his book to an illuminated 
screen where the direct and reflected waves might be seen 
moving toward each other with perfect distinctness and 
the resultant showing itself at every instant with infallible 
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accuracy, and where, above all, the corresponding- long-i 
tiidinal waves luig-ht be wSeen advancing^ side by side with 
their disg-uised representatives ! Such precisely is the residt 
ohtaitu'd bv the sound-wave lantern-slide. It was devised 
by the writer under jiressure of the above dilliculty. 

Fro. 172. 



DlJtgmms o( Sound Waves. 


It consists of a wooden fratne of a size suited to the 
lantern and four half-inch rollers about which moves a 
ti 
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•serve merely to bring both parts of the belt together 
focus, as shown in Fig. 173- wire sine curve whic 
revolves once for every wave on the belt represents 
the resultant of the direct and reflected waves at every 
possible phase or combination. This wire sine curve is con- 
nected with one of the rollers by means of small cogwheels. 
Now, by turning the thumb-screw at the end of the slide, 
the rollers are made to revolve, and one part of the belt^ to 
move to the right and the other to the left, thereby causing 
the waves to advance toward one another continuously. 
The wire sine curve keeps exact pace with the two waves 
and shows at every instant the algebraic sum of their com- 
bined ordinates. The perpendicular dark lines crossing the 
field mark the position of the stationary nodes and loops. 


Fig. 173. 



Edge View of the Endless Film. 


The practical results of the apparatus will be better 
understood by inspecting Fig. 172. The first five show 
the direct and reflected waves under various relations of 
phase together with their resultants, which are represented 
by the heavy sine curves. In . No. i, where the waves 
are exactly opposed to one another, the resultant is zero, 
and this is represented on the screen by the wire when its 
curves are in the same plane as the eye of the observer. 
The other four diagrams show a gradual increase in the 
resultant, until in No. 5 it is almost a maximum. 

Nos. 6 and 7 are a representation of two ways in which 
the curves may be traced upon the film. In No. 6 the ordi- 
nates of the sine curve represent displacement of particles ; 
the ordinates above o x displacement to the right of the 
point of rest, and those below 0 -r displacement to the left. 
In this case, however, an allowance of half a wave length 
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must be made in the position of the resultant, owing to the 
fact that right and left have interchanged places in the 
reflected v'-ave. This point is beautifully shown upon the 
screen. In Mo. 7 the ordinates represent different degrees 
of rarefaction and condensation, which, not bearing the 

Fig. 174. 


Sound Wave Lantern Slide. 

relations of right and left, are not disturbed by being 
reversed in the reflected wave. The displacement method, 
however, has the advantage of being more realistic and 
definite, as in this case the transverse displacement in the 
sine curve corresponds exactly to the longitudinal displace- 
ment of air particles in sound waves. 
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POULSEN TELEGRAPHONE. 




Poulsen’s Ribbon Telegraphone. 


are very near together, with just sufficient space to allow 
the steel wire, ab, to pass ; the wire may be drawn forward 
so as to bring its successive portions between the poles.. 
The wire used is steel piano-wire of about one-fiftieth inch 
diameter, and it advances at the rate of seven or eight feet 
per second. The arrangement resembles that of an ordi- 
naiy phonograph in which the wire, a b, replaces the wax 
cylinder, and the magnetic flux between the poles, the. 


FROM THF SCIENTIFIC AMERICAN. 

One of the most interesting devices exhibited at the 
Paris Exposition is the telegraphone invented by the Danish 
engineer, Valdcmar Poulsen. The principle of the appara- 
tus will be understood from the diagram, Fig. 176, in which 
E is an electro-magnet of small dimensions, placed in a tele- 
phone circuit including the battery, B, microphone trans- 
mitter, M, and receiver, T. The poles of the electro-magnet 

Fig, 175. 




stylus. The sound is recorded in the foll('>wing; manner; 
when the inicroplionc is spoken into or otherwise receives a 
series of impulses, the electric impulses set up in the circuit 
cause variations of current in the coils surrouiulin^ the 
electro ■ uui|j^net, and in consecpience the magnetic flux 
between the poles undergoes a series of variations corre- 
spoudini^- to the original sound waves. These nuif^netic 
pulsations act in turn upon the steel wire as it passes alon^ 
in front of the poles, and mag'netize it transversely; each 
part of the steel wire tliiis preserves its part of the ina^-netiz- 
ation, which depends ui)on the strength of the flux at that 
instant. The magnetic trace upon the wire thus corre- 
sponds exactly to the original sound waves. It remains 


Diagram Show-lng Principle of Poulsen’s Invention. 


only to reproduce the record; this is dt)nc by connecting 
the receiver to the terminals of the electro-magnet and ])ass- 
ing the wire again between tlic magnet poles, in the same 
direction as before and at about the same speed. As its 
magneti2;ation varies from point to point, its movement 
between the poles causes a variation in the magnetic flux 
and sets up a series of pulsating current.^ in the circuit, 
corresponding in form of wave with the preceding, and 
thus a sound may be heard in the telephone receiver which 
corresponds to the original, 
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in the receiver is very distinct uud is entirely free frutn the 
disa^^reeahle scratching noises generally heard in the phoiu^- 
graph. The illustraticni aiul diagnuns, Figs. 177, 17K, and 171), 
show the general appearance of the instrutnent and the dis- 
position of the various parts, A drinna!*out 13 inches long 
and 5 inches in diameter revolves between tvvti supports 
fixed to a metal base; at one end of tin* cylinder is a pulley 
which receives a cord passing below to the motor. Iti this 
case an electric motor is useth connected with the main 
lighting circuit. The drum is of brass atid has a spiral 
groove in its surface in which is wound a eontimious layer 
of steel piano wire about one liflieth of an itu‘h in diainrier; 
the wire makes about 380 turns. The carriage containing 

Fio. 177. 




Top-plan View of the WIro-wound Drum and Recording 


the electro-magnet slides upon a rod which CKtetuh across 

j , i 1 1 . . 1 . \ * * 


turn m the diagram, has its cores formed of soft iron wire 
about one twenty-fifth of an inch in diameter, surrcnmdetl by 
electro-magnets about two-fifths of an ineli long, wound 
with fine wire. The poles are brought near together and 


faces so as to partly embrace the wire, I'he coils are sur- 
rounded by insulating material, which consolidates the 
whole. The magnet, M, is held above the wire upon a sy|>-. 
port S, and into it is fitted a contact-|iiece, C, carrying a 
flexible cord for the current. To guide the magnet along 
the wire by the points alone might injure these, as they are 
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somewhat delicate, and accordinj>fly a fjfuidin^ arrangement 
has been jirovided which cnnsists of a steel knife-edge, K, 
fixed to an arm in tlie rear;.tlie arm is fixed to a brass 
sleeve, B, which slides iijion the main rod. In this way, the 
carriage, which rests also upon the sleeve, is guided by the 
knife-edge. The arrangement devised by Poulseii to bring 
back the carriage to the starting point is simple and ingeni- 
ous. As the cylinder turns, the carriage is thus guided to 
the end of its course ; at this point is fixed an inclined plate, 
S, carried on an arm, seen also to the left of the illustration. 
The projecting [liece, T, of tlie lev(‘r, H, strikes the plate, 
and the. magnet carriage is tilted back in the direction of the 
arrow; the lever then engages with a catcli, E. It will be 


fid. 178 



Sttclltm of Wlrp-wound Apparatus. 


seen that if the carriage is now moved to the right, the rear 
arm, A, will be lifted by the weight of the carriage around 
R as a center. This causes the button, R, to engage with a 
wire, P, which is wound spirally around the rod, (), and as 
this rod is revolved by a pulley the carriage is brought back 
to its starting jmint. The chain, shown at L, serves to hohl 
the magnet off the wire when not in use. 

In order to jiroduce conversations with the utmost dis- 
tinctness, the wire-wound drum must be rather rapidly 
rotated. Experience has shown that a velocity of 1,64 feet 
(0.5 rn.) per second gives the best results. A conversation 
of one minute in duration could, therefore, he recorded on 
98. 4 feet (30 tu.) of wire, which is approximately the capacity 
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of the instrument illustrated in Fig. 179. But, for the ordi- 
nary requirements of life, this time is far too short. Longer 
conversations are recorded and reproduced by means of the 
apparatus shown in Fig. 175, in which a very thin, flat steel 
ribbon, resembling a telegraph tape, takes the place of the 
wire. The ribbon. A, passes from one roll over a standard 
mounted in the middle of the apparatus to a second receiv- 
ing roll. Upon the standard the electro- magnet — not shown 

Fig. 179 


Poulseti’s Wire Telegra'^ole. 

in the illustration — is mounted, the two poles of which are 
arranged transversely to the ribbon. The principle is the 
same as that of the instrument previously described. 
Although the layers of the ribbon are tightly rolled in a 
coil, the magnetism of one layer exerts no influence what- 
ever upon the magnetism of the adjacent layers. 

A conversation once magnetically recorded can be 
repeated indefinitely. Experiments which have been made 
show that a conversation can be reproduced from one ta 
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two thousand times without any perceptible diininulioii in 
clearness. 

To efface the record, it is necessary only to pass a cur- 
rent from a few cells of battery in the circuit of the electro- 
niufjj-net, when the maf^netization of the wire is etiualixcd 
and it is ready to receive another record. Poulsen recently 
presented an account of the tele|>fra[)hone to the Acadcinie 
des Sciences, in which he explained its principles. He also 
noted an interesting experiment which has been made by 
his assistant, M. I’ederson, who had charge of the instru- 
ment at the Exposition; this is the registering and repro- 
ducing of two separate conversations on the same wire. 
'Fwo electro-magnets are lused, whose windings are ctnn- 
binccl so that each is insensible to the record produced by 
the other. The first electro-magnet has its windings con- 
tiectcd in scries, and the second in oi)pi>sititm ; under these 
ctmditions the records produced by the two magnets may 
be superposed and separated at will. The superposition of 
the two magnetic curves has the clTect of a resultant in 
each point of the steel wire, but as one of these components 
is always neutralized by one or the other of the receiving 
magnets, it is seen that by using one or the other set of 
magnets, tlic first or second series of components may be 
received, that is to say, the first or second conversation. 

Tlie telegraphone is already in practical operation in 
several telephone stations in Denmark, and by its use tele- 
phone messages may be received and kept indefinitely. A 
subscriber may thus receive messages which have been sent 
in his absence. 

AN “ ELKCTKIC KAKTH CI.OCK ’* AND ITS CON.STRUCTION. 

UY N. MONKOK IIOrKrNS, M.,H. 

The evolution of devices for the measurement of time 
according to the modern conception has recpiired unnum- 
liered years, the birth of mechanism for indicating the pro- 
gress of time being veiled in obscurity. 

The shadow cast by a vertically arranged rod eventu- 
ally suggested and led to elaborate sun dials, subsequently 
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Many writers on the history of horolo^}' attribute tlic 
iiivcntion of the first true machine, that is, a device with 
Weighted mechanism, gear wheels, and some form of slow 
escapement, to Paciriciis, an arclideacon of Verona, in the 
ninth century, but confirmation of their being really 
machines is incomplete. 

Probably the first genuine clocks made their appearance 
ill the twelfth century, the first detailed description being 
that of a time-piece sent by the Sultan of Ifgypt to the 
Emperor Frederick the Second in 1232. 

A clock was erected in the old tower at Westminster in 
1288, and in 1292 another is described as resembling the 
mc.ire modern styles of mechanism save the principle and 
oliaractcr of the escapement. A more minute description 
of a clock with gear wheels was published with the date of 
X 348, taken from Dover Castle, and exhibited in working 
order at one of our recent expositions. 

De Wyck in 1379 huilt a clock for Chaidcs the Fifth, of 
Erance, wfiich was also placed in a tower, with its movc- 
iTQcnt controlled by a rotating weighted e.scapemcnt. The 
forms of controlling devices or escapements now multiplied 
rind expanded into numberless designs, depending upon 
various jirinciplcs until the discovery and application of the 
X^cndulurn three centuries later. 

The origin of the pendulum as applied to clocks is also 
disputed and obscure, being claimed by various ptTSons 
engaged in clock making at a very early date. 

Galileo, through his careful ob.scrvatiun of the swinging 
ehandelier in the old church at Florence, is generally 
oredited with the discovery of the laws of the pendulum, 
among which is included the interesting fact tluit a pendu- 
lum will vibrate tlirough arcs of var3-ing niagiutudes in the 
same time, provided the arcs are all included within a 
reasonable limit. 

In the electric clock designed by the writer, ud vanh 
age is taken of this fact that a pendulum will “beat 
equal times” whether tiic arc be large or small within the 
required limits. Tliis clock, unlike the usual construction, 
bias its pendulum mounted upon a hardened steel knife 
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edge, which rests upon a highly tempered stc^el support, 
]-eqiiiring only the minutest amount of electrical energy to 
keep the governing portion in motion. 

I'K}. iHX 


m 




H 




Front and Side Vlewt of Blectrte Clocfe, 

The first illustration of the clock was taken from a 
lotograph, before being mounted on its wooden bas 
under a protecting gla.ss case. This clock, if very carefully 
built, with its pendulum accurately adjusted for the latl- 
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tude of i^lace wherc it is to be used, will run with precision, 
and rctluire little or no attention for very loiifr periods of 
time. It has been styled “electric earth clock” by the 
writer, as the electric current produced by a series of 
aietallio plates buried in the damp pirouud is siifiicient to 
keep tlic delicately mounted i)enduluni in motion, which in 
turn moves a light and well-balanced train of simple wheels 
and hands. 

Fig-. 18 1 is the reproduction of a working drawing*" 
illustrating front and .side views re.spectively. From this 
drawingc principle and working of the clock can be 
easily nnder.stood. The clock from which these illustra- 
tions were made stands 23 inches higli, including the base, 
being suitable for a mantel in a library or onice. 

The X)endulum of the clock is kept in motion by rainiite 
electrical impulses through the agency of the four sole- 
noids, A A A A, which attract four iron tongues, B B B B, 
mounted at the extremities of a brass .spider, C, which 
carries the hardened steel knife edge. A little automatic 
switch carrying a platinum-tipped hammer, D, falls from 
side to side with the vibrations <jf the pendulum, and throws 
in and out of circuit the magnet spools at the proper times 
to maintain the motions of the pendulum. The connections 
are made from little insvdated studs attached to the face of 
the plate, K, as illustrated. 

The mechanism of thi.s clock is extremely simple. The 
bras.s spndcr, C, which .supports the iron tongues, the knife 
edge, and the mounting for the pendulum, F, also carries 
throug*Ii the medium of the pendulum mounts, which will be 
taken np in detail later, two little bars which pass through 
the back plate, G, of the device and operate a little arm, 
II, which moves the seconds wheel, I, one tooth for each 
swing of the governing pendulum. It then remains to pro- 
perly fhe motion clown for the minute and hour hands 

respectively, the gearing for which is also taken up later in 
detail. 

File. 182 shows the back plate, G, and the scheme for 
drivinii^ the arm, H, wliich moves the .seconds wheel, I, for 
each swing of the iicndulum. 'rhe plate, G, has a hole cut 
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from its center through which the little bars pass from the 
mount, F, which swinys with and supports the pendulum. 
The arm, J, is simply pivoted to the back plate as indicated. 

Fig. 182 
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Back of Clock, Showing Pawls, Seconds Wheel, and Knife-edge. 


The thrust, or distance through which the arm, H, moves,, 
can be regulated to a nicety by screwing the little block,, 
L, along the screw, M. The weight of this little block and 
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the arm it carries is balanced by the runuing; screw weig^ht, 
C>, on the t)pp()site side, in order that the peiuliiluin may 
swing fairly. The ends of the little bars which come 
tlirough the })latc from the pendulum mount and receive 
I he end of these screws can be seen at P P. 'I'lie hardened 
steel knife edge is also shown in the center resting on its 
tempered steel support, Q, between the ends of the little 
threaded rods. 

Believing now that the entire sclieme and working 
indneiple of this time-piece is thorouglily understood, the 
writer takes up tlic detail j)or(i{)n and gives tlie lignri's and 
measurt'inents necessary for the construction of a successful 
clock upon the present design. 

Fig. 183 illustrates the detail of the hack plate and in- 
dicates the dimensions. This pltite is turiu‘d out on the 
lathe from brass one-eighth iueli thiek, as it serves to mount 
the entire meclianism of the clock. 'I'he holes around the 
edge are for attaching the magnet spools, and (he three 
vertically drilled ones for bolting on the upright standards 
for carrying the face and gearing. 

The four snudl holes under the central opiming are for 
the support to (he knife edge, ami the two large holes at 
tlie sides serve for mounting the [ilate, F, which has at- 
tached the little studs for making the necessary electrical 
ccjimectious. This plate, not illustrated in detail, measures 
5 inciics in diameter iiud has a ineh openitig in the 
center. For apiiearunee, this plate is also turned from 
brass inch in tl)ickiu‘ss. The plate is attached to the 
main back plate, (», by bolts and sleeves .so adjusted that 
there is a space of i| inches between the two plates for 
tlie swinging portion. 

No. 12, I’ig. 186, shows the .steel rest and its support for 
the knife-edge. The steel block is .soldered in the brass 
rest, the dimensions for which apjH'ur on the ilrawing, 'I'his 
lilock is cut. from a piec*e of lu'gh-carbon .steel, and tempered 
to tlu* highest degree after a little channel has been cut 
clown its center with a triangular iile to prevent the knife 
edge from vibrating f»tT its seat, 'fo tem|K*r this to the 
proper hardness, at least a pound of mercury is necessary, 
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contained in an in»n refejUarlf. ‘I'Ih- ij«ui uh r|»i.u'lr t nij. 
tainini^ the mass of inereury is packed atouiid with it e aini 
salt, aticl the metal tlmnui^hly elulletl. Tlu* little hhu ktif 
steel, with its groove lilrd truly iit the eentt-i , is unw heated 
up to perfect incandeseenee attd phujgetl ttmler the suifaec 
of the chilled mercury. The larger the* mass tif merfury 
the better. Dcj not iidiale the fumes uliieh t«)fue titan tlie 
mercury at the time of immersing the heatinl steel, if tin- 
bar steel was of projier eharaett*r hefoti* tempering, aiui il 
these directions liave been accurately toliowed, the best ui 

Fiu. 183 



files will ^ slide over the surface of the block “ wiiliout 
touching it, \V hen mounted in the little bra'^s ?*ii|»poil In 
means of a little solder around the edge, tlie bloek in ptinhed 
through the opening in the back plate, and the bar of the 
brass support securely bolted in position by riieaiis of little 
bolts of brass with running he%agon nuts' wideh ma>- Ir 
obtained at the hardware dealers, I wo brass t'«iluttiiis are 
now turned up on the lathe, to whieli this wifit its 

knife edge support, is attached by means tif a sioiit brass 
bar. These eoliimns sh«)uhl have an exlrenie hetglif of nf 
inches, and be of ornamental design to comply with the 
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taste of the maker. The columns arc bolted at tlie bottom 
to ti brass bed-plate iiu'h thick, trued up on a small shaper 
or plant'r to measure about 3 by lo inches square. to[)s 

oi t be cohmms also rectave brass bolls, lyv means of which 
the bar supporting; the entire c:lock may la; lirml\' bolted 
down. The next portion of the whole to be matle and put 
ttig’ctheris the brass spider, Cl, and its knife-edg’e. 'I'he detail 
for this work is represented b}' d, h'ig-. 1H5. 'bhis spider is 
c'ut from brass of an inch ihic'k, the phui illustrated being 
cai'cfully followed. I'he knife-edgc‘ is most accuratel_\' liled 
to shape from a piece of the hardest Inghcarijon steed pro- 
curable, and is tempc'red in tlu* same manner as thesupptirt. 
In t hrusting tlu‘ inc'andesccmt knife edge below the surface 
of llu‘ chilled mertmry, the sharpened edgt^ should touch 
ihc inercurv first. The litth' brass mounting for this knife- 
etlgi* is too simple, to reepdre atldilioual remark. I'he steel 
for the knift'«cdge should bt' about k ittedi in thickness, and 
when mounted pt'nnanently In a small groove in the mount 
by means of a littU^ solder, the edge should just reach to the 
ccniter of the. st|uar(; opening as indicated. 

b'ig. iSd illustrates the little brass plate, I', adapted for 
lioltling the pendulum ami the little automatic switch. The 
ilimeusious are marked on the illustration, the only direction 
nc'cessary being for the thickness of tlie plate and the 
method of bunging the pendulum. This plate is heavy 
enough if tiled from brass, with little bai's of idneh brass 
soldered to the twt) lower limbs, into wdiicdi the pendulum 
bars screw. We are now reutly to assemble the pieces 
made and begin the work on the automatic electric switch. 

Fig, 1 84 illustrates the peudulum mount bolted to the 
spider, the distance between them being | of an inch. The 
pendulum mount i.s held at this distance from the spider by 
ineaus of two little brass pillars turned up on the lathe, one 
of which is illustrated in the side view of the switch, 10, 
electric switch i.s made from bra.s.s, to which 
arc attached little blocks of hard rubber as indicated by the 
heavily shaded portions in the drawings. The switch 
Stands 2 ^ inches high from its pivot, the head falling, and 
being arrested by adjustable screws. The screw at the left 
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is platinum tipped, and the little haninier lieud, 1), has a 
platinum plate, S, dcsipicd to come in contat:t with the 
platinum-tiiiped screw. The screw at the rig'ht is plain, 
and merely serves as an arrest, heiiijj^ struck by the hard 
rubber of the head, D, thus playinj^ no part in the electrical 
control. The electrical connections can now be made per- 
fectly clear by referrinp^ to Fi^o iHi, where the studs on the 
plate, K, are indicated. By means of the hard-rubber block, 
U, in Fig. 1S5 the switch is insulated from the frame of tlit' 
clock. In Fig. 184 the extremities, 'i\ d', d', 1 . are titled with 
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little blocks of brass, as shown also at d, Fig. 185, into which 
bolts screw, for the purpose of attaching the iron tongues. 
These tonguCvS are best cut from soft bur iron 2| inche.s 
long, by f inch wide, by inch thick, which has l)cen pre- 
viously bent into a ring 54- inches in diameter to shape 
them. They can be annealed by heating them up in a coal 
fire, and allowing them to cool in a less intense part of tlie 
hre, as the coals burn out. They are drilled through ^ inch 
from one end, and after receiving a coat of black enamel 
paint, are bolted in position. The brass spools for the 
magnets ne.xt demand our attention. 
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No. 9, P'ig. 185, shows these spools and how to make 
them. Four little sections of the thinnest brass tube ai”' 
carefull}'’ cut to i-|-inch lenj^ths, having an internal diameter 
of inch. Eight brass rings are turned up on tlie lathe to 
just fit these tube sections, with an outer diameter of if 
inch as indicated on the drawing. These rings are neatl}' 
soldered to the tubes, and are drilled through ufitli a f-inch 
drill for the reception of little hard-rubber iilugs, V, V, V, 
througli which a minute hole is made the size of the wire to 
be wound on, and which must be carefull3>^ insulated from 
the spool, especially where it passes through the rim, or 
ring. Before winding these s[)ools the inner portions are 
given five or six coats of shellac, allowing each coat to 
thoroughl)'- harden before the next coat is a])plied. The 
winding for these bobbins consists of No. 26 single silk- 
covered wire. The most attractive color to go with the 
polished and lacciuered brass work of the clock is green. 
Eight ounces of this wire arc reciuired for the four spools, 
two ounces on each. This wire nuust, of course, be per- 
fectly wound in even layers, not only for appearance, but to 
enable one to get the two ounces on a spool. With perfect 
winding this amount of wire slioidd go on in sixteen layers, 
and still leave about inch of the brass ring of the spool 
projecting. This wire should be weighed out on a good 
pair of small balances, not on a large pair of scales intended 
for rough work, fis one frecpiently meets with in buying 
fine wire. Having wound these bobbins, they are mounted 
on the back plate of the clock by means of little brass strips 
running through the spool, and bent down to meet the 
plate, when they are turned over to form little “ ears,” 
through which small holes are made for attaching by means 
of bolts. These coils arc connected in series or parallel at 
will through the agency of tlic little studs on the plate, R. 

We are now ready to build up the all-important pen- 
dulum and adjust it for the place where the clock is to be 
run. The maker of this clock must adju.st the exact length 
of the pendulum by experiment wherever he happens to be, 
as, of course, the length will not be the same for different 
latitudes. It is believed the views of the pendulum given 
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Ill t^- 1 t. Vx illustrations will inakt* its t'oiistnuiinn flour. I'wii 
little {^luss tubt'S, 54 iiK'h<*H lon^ with a tliuiurtor ol 4 iiu lu 
arc closed at one end Iw heatiiifx in a Bunsen lump, aiul are 
lilled within an inch of tin* top with mercury, 'hhe center 
supporting bar is a section of 4 brass rod 7 inches hmi^, 
provided with a runninj^; screw tliread top and bottom «»t at 
least 2 inches in leiifjiflh for the purpttse ot atljustment. ’riu’s 
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Details of Electric Clock* 

rod screws into a little joke, offsetting' the pendulum | of 
an inch, in order that the center of gravity of the mercury 
bob shall fall under the supporting knife-edge. This of!» 
setting will be made clear by referring to the side view of 
the finished clock in Fig. i8i. The rods which now Hupptirt 
this yoke, and which screw into the little legs of the pern 
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be so adjusted that the bottoms of the ^^lass tubes contain- 
ing the mercury fall lof inchCvS below the edg-e of the 
.sui)porting knife. The pendulum will now swing and ap- 
proximately beat seconds, the exact adjustment of which 
will, of course, take considerable time experimenting in 
combination with a fine watch or \)erfcct clock. It now 
remains to turn up the clock face and mount it. This is cut 
out on the lathe from inch brass, with an extcriuil 
<liameter of inches, the diameter of the inner a[)erture 
being 3I inches. This is mounted on a brass standard 
which is bolted to tlie back \)late. This brass standard is 
made from material measuring by ^ inch by 8 inches long,, 
and is attached to the back ]>late, G, by bolts through the 
three vertically drilled holes shown in the detail of this 
plate in h'ig. 183. The clock face is attached to this .standard 
by means of bolls soldered lo the back side of tin* ring, and 
kept out from the standard by means of sleeves made from 
brass tubing which just slips over tint bolts, 'rhese sleeve.s. 
are i| inch long, and consec[uently the face of (he clock is 

inch from the standard, allowing room for the gear 
wheels and their mounting. In the pbacc of bolts and 
sleeves, brass columns can, of course, be employed with 
better appearance, although taking more time to make and 
re([uinng more labor. Having mounted the clock face at 
the top of the standard, the bar i.s so adjusted to the back 
plate, through the proper location of the three holes drilled 
in it for bolting on, that there is a space of one inch Imj- 
tween the lower edge of the clock face and upper edge of 
the ring, 15 , The numerals for the face may be bought 
from the dealers to suit the taste of the maker of this clock, 
also the hands, if one does not prefer to cut them out him» 
self from sheet brass. 

We now come to the top portion of the time-piece, 
which consists of the seconds wheel and the simplest kind 
<if gearing. These gear wheels may be made by the reader, 
or be purchased. The large seconds wheel illustrated at 
7, Fig. iH 6, is made by turning out a ring fnmi inch 
brass, and screwing into its rim sixty little piOvS of steel rod, 
or wire. These must be most accurately placed, or the 
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entire clock will turn out unsatisfactory. It is absolutely 
necessary that this wheel be large, nothing smaller than the 
one illustrated will answer, because the pins will have to be 
placed closer together. With a generously propoitioned 
wheel, and above all, accurately spaced pins, the wheel will 
be advanced one pin for each swung of the pendulum 
whether its arc be large or small, within reasonable limits. 
The writer is very frank in stating that unevenly spaced 


Fig. i86 



7— Seconds Wheel. 8— Pendulum Mount, ii— Dial Work. 12— Knife-edge Support. 


Details of Electric Clock. 


pins will lead to failure of the clock to keep time, because 
when two pins come round, under the action of the driving 
arm, if they are closer together than the others, the chances 
are that they will both be taken under the cam occasionally 
in one stroke, thus causing the clock to gain. Fig. i86 illus- 
trates the scheme of gearing employed in almost every 
clock for the proper control of the hands. These gear 
wheels may be taken from any old clock and be made to 
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answer our purpose perfectly, or they may be ordered 
from gear makers if the reader is not equipped for this 
class of work. The writer recommends the use of gear 
wheels taken from some disused clock. They are easily 
altered as regards their bearings, and made to work in a 
simple frame as indicated in I'igs. 18 1 and 182. These may 
be nit)unted almost frictionless Math care, and, of course, 
some little skill, thus requiring ver}'’ little energy to move 
them at tlie very slow rate for which they are intended. 
The i>ressure of the little arms against the pins of tlie second 
wheel should be exceeding!}' small, nt) springs being used, 
merely little weights as shown in the ligure. The hands, 
too, must be perfectly balanced by soldering t)n littU‘ 
counter-weights adjusted to balance perfectly by exper- 
iment. 

This clock, wlien the solenoids are connected in series, 
will run fora year without any attention whatever on from 
four to six cells of bluestone gravity batter3q and keep very 
accui*ate time. It will run for much longer periods, in all 
probability, when connected with a suitable series of pUites 
buried in the earth, and connected in .series. Tim writer 
has not yet conducted experiments throughout a sufficient!}* 
long period of time to have studied the faithfulness of sucli 
an earth battery. The battery should consist of at least ten 
couples, ten plates of cop|)er and ten of ;5inc, connected a.s 
a series battery, and buried about four feet below tlie sur- 
face of the ground, near a rain spout. These plates 
should be 12 to 18 inches scpiare, and at least ^ inch 
thick. They are i)acked in the ground about four inches 
apart, and connected with rubber-covered wire. 


MEASURING THE HEAT OF THE .STARS. 

BY MARY I‘ROt'Tt)R. 

That the heat of the stars can be measured nas necn 
proved by Prof. E. Nichols, of Dartmouth College, who 
has invented a delicate sensitive instrument known as the 
radiometer and s{)ecially de.signed for this purpose. In 
1898 l^rof. Nirhfds was invited by Prof. George E. Hale to 
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radiometer, tlie fine equipment ol the tjbservatury Injing 
placed at his disposal. The invituticm was aceeplrtl, and 
Prof. Nichols spent the two summers of iSqS ami in 
perfectinf^ his inventitm and testing its cupabiUties. 

The case of the instrument was made of a block id 
bronze, which was bored out to receive it, the block beini*' 
about 2 inches square and 4 inches h>n|^. The case was 
perfectly air-tight. The radiometer .susperiHum of torsion 
pendulum was built up on u thread of finealrawn glass 
32 millimeters long, tt) the lower end of which was attatdird 
a very small plane mirror, 2.2 by 3 millimetejs, made by 
silvering a fragment of very thin micnmcupc ctiver glas^. 
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blackened radiometer vanes Fig. iS8). The sensitive 
vanes were circles about 2 millimeters in diameter, which to 
secure lightness and uniformity were stamped out of thin 
mica, with a circular steel punch made for the purpose. 

The vanes were uniformly coated with lamp black, and 
mounted as symmetrically as possible with reference to the 
axis ol rotation (E F, Fig. 188). The distance between the 
centers of the vanes was 4.5 millimeters, and they were 
placed from 2.5 to 3 millimeters behind the fluorite window, 
A piece of goc'd plate ghuss was cemented over the oi)ening 
in the side of the radiometer case, through which the deflec- 
tions of the suspension could be read by the telescope and 
scale method. 

The rays of the star projected from a condensing mirror 
(F, Fig. 189) entei’cd the radiometer by passing through the 
fluorite window, and could be directed to fall on one of the 
blackened surfaces of the suspension vanes behind the win- 
dow. Through a window in the back of the case, the star 
image in the radiometer and the blackened vanes of the sus- 
[jen.sion could be seen at the same time. 

The heat rays of the star falling on one of the vanes warm 
it slightly, and in accordance with a principle discovered by 
Prof. Crookes a surface in a partial vacuum so warmed tends 
to back away from the source of heat. The suspension is 
thus slightly rotated, as the fine quarU fiber offers little re- 
sistance to any force tending to twist it. It was in the terms 
of this twist of the fiber caused by the different star images 
that the heat sent us by the .stars was compared. 

The experiments with the radiometer were made in the 
heliostat room of the Yerkes Observatory, which has been 
purpo.sdy designed for work of this kind. The gallery to 
the left of the double psirtition is provided with a movable 
roof and sides which slide back between the walls of the in- 
closed room to the right, leaving only a low jjarapet above 
the level of tlte floor. The only openings through the 
double partition are a window large enough to admit the 
beam from the heliostat (at FI, Fig. 189) and a passageway 
closed by double doors. 

The beam t)f .starlight from the heliostat was tiirown 
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upon a 2-fo()t concav'e niirror (M, 7 9 iiH Hcs 

focal length, and the conver^in},^ coiic was caug’ht on a suiall 
45 deg. Hat mirror (F, Fig. 1H9), 4 by 6 inches, an<l directed 
thence into the radiometer case (R, Idg, tHtjt, |Kissing 
through the floiirite window, the focal point lying in the 
l)lane of the vanes. 

Fk 5. 188 FicJ. 189 Fus. tip 
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The radiometer (R, Fig. 189) was mounted on a wtMidrn 
table, standing on an overhang built out from tht 3 hing slate 
pier shown in the diagram. An observer at the telesccipe 
(T, Fig. 189) read the deflection of tlie radifuneter sus|ienslori 

in millimeter divisions, on a reflected scale at H CFtg» 

u.*.,.,. «*, « a.'..*., ....... .J *1... 
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Cords connecting the slow motion on the heliostat were 
brought to a point within convenient reach of a second ob- 
server at the telescope (T, Fig. iSg) which was focused on 
the sensitive vanes as seen through the rear window. The 
latter observer could keep the star image constantly iq. J 
sight, except when it fell upon one of tlie vanes, in which ^ 
case a very small quantity of stray light in the image j 
showed its position. ; 

With an observer at each of the telescopes, T and T’ 
(Fig, 189) the observer at T watched the motion of the I'adio- 
meter, and waited for a period of comparative quiet which ' 
would bring the image of the scale to rest, then signaled to 
the observer at T' to throw the star image on the vane or 
off it, as the case might be, by means of the cords running , 
to the slow motion of the heliostat. After a suitable time ; 
the radiometer deflection was read. Thus a series of “ on 
and “ off ” observations were taken and averaged. The re- 
sults were quite uniform, the radiometer vane showing j 
about the same deflection at each ol).servation of the sainoo , 
star or object under examination. In this way Prof. Nichols 
experimented again and again with the bright stars ArctuAis- i 
and Vega. The averaged results were quite uniform, th6 ; 
radiometer vane showing nearly the same average dcflectioh’ i 
in each series of observations. 

In the second series of observations, made in 1900, the 
heliostat was replaced by the heavily mounted ccjelostat, 
used by the Yerkes Observatory at the total eclipse of the 
sun, May 28, 1900, at Wadesboro, N. C. The cadostat w.as 
driven by the clock of the ladnch Kenwood telescope. The 
same plane mirror used in 1898 with the heliostat was re- 
silvered and mounted on the polar axis of the cadostat. ^ ’ 

The change to the cadostat made the use of an additional * 
plane silvered surface necessary, to direct the beam to a 24- | 
inch concave mirror. The position of tlie new vfertiCal 1 
plane mirror depended upon the declination of the stars 
observed. In the diagram (Fig. 190) C shows the position 
of the cadostat, F the po.sition of the vertical plane mirror 
when used in observation.s of Jupiter and Saturn, and F' its 
relative posititm while u.sed in observations of Arcturus. 



l^lon^c 


THE NERNST LAMP. 


457 


The remaining- parts of the diagram (Fig. 190) correspond 
to those in Fig. 189, with the exception of the radiometer, 
which was mounted farther back in the covered gallery 
than in the arrangement made in 1898. Fig. 191 shows the 
radiometer in this position and the 24-inch -mirror used in 
measuring the heat rays of the stars and planets. 

To test the sensitiveness of the instrument, some con- 
venient standard of reference was required, and Prof. Nich- 
ols used a common paraffine candle as a basis for his experi- 
ments. The radiometer having been thoroughly tested by 
means of these experiments, it was used to measure the 
heat of the stars Arcturus and Vega and the planets Jupiter 
-and Saturn with the following results : The quantity of heat 
sent from Arcturus was found to be somewhat greater than 
the heat which would be received at a given point from a 
candle six miles away, if none of the candle’s heat were ab- 
sorbed by the atmosphere. Observations on Vega showed 
that it radiated about one-half the amount of heat received 
from Arcturus. The planet Jupiter sends us about twice as 
much heat as Arcturus, while we receive from Saturn only 
heat enough to equal the unabsorbed radiation of a candle ten 
miles away. 

THE NERNST LAMP. 

In the Nernst lamp, like the incandescent lamp, the 
radiating body is a filament heated by the passage of a cur- 
rent, either alternating or direct. The filament is a com- 
position formed by mixing rare earths with a refractory 
body. Rare earths when heated to the approximate tem- 
perature of the incandescent lamp give a brilliant white 
light. The quality of the light is remarkable for its close 
approximation to daylight, giving to colored objects their 
true appearance. This property makes the lamp especially 
desirable in stores, art galleries, drawing-rooms, etc. 

The filament is a non-conductor at a low temperature, 
and therefore some device must be employed to raise its 
temperature before current can pass through it. Accord- 
ingly, a platinum resistance called a “ heater ” is provided 
for bringing the filament to a conducting temperature. The 
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THE XERNST LAMP. 

crease. Beyond the point of maximum voltage the de- 
crease in resistance of the glower is so rapid as to make 
tlic cvirrent difficult of control In fact, without the em- 
ploymeiit of a steadying resistance the conducting filament 
would rapidly develop a short-circuit and flash out. Tliis 
tendency is counteracted by placing a steadying resistance, 
or “ballast,” in series with the glower. Such a steadying 
resistance placed in the lamj) as actually constructed rises 
in temperature and increases in resistance by as much as 
the glower diminishes. 

The glower ff)r a 220-volt lamp is about 25 millimeters 
long and 0.63 of a millimeter in diameter. It is made by 
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forcing througli a die a dough made of the rare earth mixed 
witli a suitable binding material, cutting the jiorcclain-likc 
.string thus made into convenient lengths, drying, roasting 
and fmaliy attaching lead-in wires. Embedded in tlie ends 
of tlic glower are platinum wires ending in beads, so that’ 
any tendency on the part of tlic glower material to shrink 
by rctieated heatings can only result in tightening the con- 
tact, and maintaining intimate union between the platinum 
bead and the glower. To the {jlatinurn beads are fused 
short lead wires of platinum, to which in turn are fa.stened 
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conducting' wires ending; in aluminium plug's. A bundle of 
the glowers is shown in Fig. 192. When the ghnver is pro» 
perly made, its voltage changes but slightly during its life, 
the tendency being to rise from two tti four per cent in 
eight luindred hours. 

As already mentioned, the glower is non»i tmdueting 


when cold, and mentis must Ih.? provided for bringiitg it to a 
conducting temperature. The heater m now etinstriicled 
consists of a thin porcelain tutn*, over-%vtintHl with a !i!ic 
platinum wire, pasted with cement, the hitler Herving tn 
protect the platinum from the intense hrat «»f liie glowern. 
These tubes are wound hir no volts and arc ronnected in 
pairs of two in series according to the service the one, 
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two and thrcc-g'lowcr lamps takinj^ one pair, i 
flower two i)airs. 

The lamp is entirely automatic. It ret[uires 
disconnect the heater from the circuit as soon at 


Gripping the Holder Without Dliturbing the Glow^er 


shall have lighted. The cutout is a magnet-coil which 
actuates a pair of keepers, breaking the circuit. 

The lamp is suspended by an I-bolt, which being re- 
moved allows of immediate access to the inner part of the 


462 


]•; X I ' K R 1 M K X'f A L Si ' 1 K M i: •” A T T V. MUX. 


kiuip. On removing' the l-bolt the Inmsitig eoiurs olf anti 
we lind the Hteiulying resistance-bottles placed in a setni- 
circle around the cutout, d'he connections are made with 
small aluminium plugs on the ends of the inner ctmnerling 
wires. All parts are mounted on ptjriadain; the lamp con- 
tains no combustible material whatever. I'lie lant[is are 
made of from 50 to 2,(xx) candle [lower, “Phere is one 
gl{)wer in all lamps of 50 candle power, and the number in. 
creases up to 30 for the 2.cxx) candle power. 

I'lItmtCRAlUtlXC ’I'lIK m.KCTHlC ARC. 

HV PHOF. A. e. HTONK. 

It is conceded that the classic tletnonstratitni in the 
Royal Institution of (treat Britain in iHio, by Sir Ihimphry 
Dav}', when the voltaic arc was hrst exhibited, prc'sented 
the beginning of a world-famed era in artificial illumination. 
It needs but a glance at the history of Jirtihcial lighting to 
see that some of the greate.st minds Itave been concerned in 
llic i'mal production of that most powerful of arliftcial 
illuminants, the electric arc. Though progress in Its de- 
velopment was slowly going on thiring tin* hrst half of the 
century, the lust three decadc;s have witnessed hy fur the 
most phenomenal re.sult.s, such re.sults being made pt>ssible 
only after (Iramme had, in 1870, o[Hmetl the way hy the in- 
vention of the dynarno-cdectric machine. 

Attention is frequently called to the almost imnimeralile 
devices and improvements u.sed upon the arc liglit, along 
the lines of controlling mechanisms for various purposes, 
with lamps used on both continuous and alternating current 
systems, together with discussions on the substhutitm of 
tlie modern inclosed arc for the open arc. and allied sub* 
jects. The question of the carbons, however, <hK*s not, and 
at present need not, receive tpdte so much attention. 

For our purpo.se it is necessary to consichu’ for a 
moment a bit f)f tlie history in arc light carbon inoduction. 
The water-ciuenched charcoal pencils employed by Davy 
had soon to give way to a harder form of carbon. In ordt r 
to obtain even moderately satisfactory results with the arc. 


Gas-retort carbon was subsequently used for some years, 
and though it was sutlicieiitly hard, it contained impurities, 
of Avhich silica was a very important one. The effect of siicli 
impurities was to produce a constant hissing, and frequent 
blowouts as well. It is evidently wdth this class of carbt)ns 
that the illustrations of the arc so fre([ueiitly seen in text- 
books of physics and electricity have been made. It may 
be more accurate to say that drawings made of the arc, 
when carbons containing large quantities of impurities were 
in use, have been copied and rccopied from an early date in 
the history of tlie arc down to the present time. One of 
the commonest of these re[)resentatioiis seems to have been 
handed down from an early drawing, and is shown in Fig. 
197. It exhibits a number of globules or wart-like forms of 
matter on the negative carbon, which are very large in 
coinj)arison with the carbon pencil itself. It does not seem 
just to doubt the correctness of this representation, for in 
all probability it was made when the carbons contained im- 
purities to sucli an extent as to give this peculiar a],)pear- 
ancc. 

It is interesting to-day, when the manufacture of carbons 
has reached such a state of ])erfection that the carbons are 
homogeneous in texture and almost entirely free from im- 
purities, to consider the vast difference in their appearance 
when in operation, in comparison with the earlier forms. 
This comparison is facilitated by the science of pho- 
tography, which has reached its present development 
during practically the same period as electricity This 
makes it possible for the arc to now tell its own story, and 
we have from direct photographs the exact appearance of 
the arc in operation. No retouching of the negatives, or 
changes in them to the least extent, have influenced the 
character of the prints for the half-tone cuts herewith 
shown. No. 2, Fig. 198, sliovvs a continuous-current open arc 
after operating for seventy minutes at no volts and 25 
amperes. This should be coinpared with Fig. 197 to s 1 k)w 
the siq)eriority of the present carbons ; and also particularly 
to exhibit the characteri.stic bridge of incandescent carl)on 
particles winch is always pfesent between the poles. The 
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upper carbon shows the crater whence the major part of 
the lig’ht from the continuous-current arc emanates, and the 
appearance of this positive carbon also indicates in an im- . 
perfect way the doubly rapid rate of its disintegration com- 
pared with the negative. No. 3 is another illustration of 
an open arc after two hours’ operation at no volts with 25 
amperes. The arc is purposely made a little shorter than 
in No. 2 and the crater is less prominent, the photograph 
being taken with the carbons in an exactly vertical position. 
A good deal of trouble was experienced in. photographing 
the arc so as to have both carbon pencils show distinctly, as 
well as the arc itself, because of the hot gases rising about 


Fig. 197. 



Conventional Picture of the Arc. 


the upper carbon and obscuring it. This difficulty was:, 
finally overcome by placing a second arc in such a position 
as to hawe its light focused by a lens upon the carbons of 
the light to be photographed, and then giving either a pre- 
liminary or subsequent exposure of the carbons, when the 
arc was not in operation, to that given upon the burning 
arc. The exposure of the cold carbons was, of course, 
several thousand times that of the arc. No color screen 
was employed for any of the work, as it seemed better for 
many reasons to avoid using one if possible. 

No. 4 shows an alternating-current open arc after sixty 
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minutes’ continuous operation at 108 volts and 30 amperes. 
It will be noticed that the upper carbon appears to diminish 
in size a trilic faster than the lower, due to the hot gases 

Fuj. 19S. 


a. Conttnumi* cnrmit open are after hnmJnjr aeventy mint) tea, g. The same after bnmltiff 
two hours. 4. A-Uernattng: current arc after burning two hours. 5, and 6, Inclosed 
arcs. 7. From reversed negative. 

Photographing the Electric Arc Under Various Conditions. 

passin|r upward around that pole and assisting disinte- 
gration. 

•O 
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finuous-current inclOvScd arcs arc shown in Nos. 5 anti 
198. These pictures were, of course, nuulc thnsu^Ii the inner 
C3dincler, which iinmediatcl}’' incloses the arc, anti so are 
less distinct tlian those of the oj>en arcs. No. 5 illustrates 
the disposition of the alternating^ inclosed arc to wander. 
No. 6 docs not indicate such a disposition, though it is 
doubtless present to some extent in the continuous as well 
as the alternating-current light. It seemed, however, at 
the time of photographing that the tendency of the alter- 
nating arc to wander was much greater than tliat of the 
continuous-current arc. The results thus shown at Nos, 5 and 
6, 1'ig, 198, were obtained on lamps wlu'ch had been in o[)era- 
tion for a sufficient number of hours to give the carbons a 
normal, typical appearance, yet the photfjgraphs are ([uite 
unsatisfactory in some respects, and it is the intention of 
the writer to improve upon thtnn in the near future. 

No. 7 is only of interest in so far as it shows a good re* 
versal picture produced by the alternating arc when the 
exposure is properly timed to obtain this cfTect. The work 
of photographing the arc thus described was undertaken by 
the writer, at the University of Wisconsin, for the purpose 
of obtaining, if possible, a suitable illustration of the arc as 
it appears in modern practice. 

In conclusion, it may be noted that it does not seem 
necessary to attempt to picture the arc in modern books on 
physics and electricity by such an antiquated illustration as 
is commonly used. It is not to be objected to so much, of 
course, on the ground of ancient history considerations, as 
upon that of incompleteness and incorrectness. It seems «>f 
much importance that new books should exhibit, so far as 
possible, new and original illustrations. Such illustrations 
appeal to the eye of the student more readily, assist in 
elucidating points in the text, and enhance the value of 
the book. 

HIGH ELECTROMOTIVE FORCE, 

KY JOHN TROWnuiDGB, PROFRSSOR OF PK\’SICS, HARVARD D'NIVRRSITY. 

I have lately perfected a large plant for the study of the 
discharges of electricity through gases which I believe is 



HK'.M KLECTIUIMOTIVF, l-'ORCK. 467 

more extended and on a larger vScale, than any at ])rescnt in 
existence; and I have obtained some results with it, espe- 
cially in the subject of high electromotive force, which throw 
light upon many mooted points. The source of electricity 
u'hich produces the electrical discharges is obtained from 
ten thousand storage cells. From these cells 1 obtain very 
ap])roximately twenty thousand volts, and by means of a 
peculiar apparatus called Plante’s rheostatic maciune, I am 
enabled to obtain over one million volts—which enables me 
to experiment with i)owerful discharges in air, more than 
four feet in length. 

Fin, 199 


The Cells. 

By the employment of storage cells in the subject of the 
discharges of electricity through gases, one can form a fair 
estimate of the amount of energy that is employed to pro- 
duce the desired effects— -for in.stance, the X rays; while 
with the use of electrical machines or induction coils and 
transformers it is extremely difficult, if not impossible, to 
form an accurate estimate. Fig. 199 is an illustration of the 
type of cells of which the battery consists. Each cell is 
composed of a test tube 5^ inches long and | of an inch in- 
ternal diameter containing two strips of lead which arc 
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separated from each other by rubber bands and are im- 
mersed in dilute sulphuric acid. The surfaces of the lead 
strips are roughened by a chemical device, and the cells are 
charged in multiple circuit by means of a dynamo machine. 
When the cells are properly formed, each one gives two 
volts and has an internal resistance of one-quarter of an ohm. 
The problem of insulating these cells was a serious one ; but 
it was practically solved by mounting the cells in sets of 
threes, in holes bored in a block of wood which had been 
carefully boiled in paraffine. The mechanician of the labor- 
atory, Mr. George Thompson, devised a simple switchboard 
which enables me to throw the cells into multiple or into 
series — to use the entire ten thousand, or suitable portions, 
of this number. The battery gives eight amperes of current 
with twenty thousand volts, and this amount of energy is 
amply sufficient to kill a man. By accident an operator re- 
ceived a shock from only one thousand of these cells and 
was badly shocked and burned. It is prudent therefore in 
experimenting with this battery to use rubber gloves, even 
ill throwing the switches, and it is recommended to employ 
only one hand covered with a rubber glov© and to keep the 
other hand in a pocket. 

I had at first intended to use this large battery in the 
study of electrical discharges through Crookes tubes, but I 
speedily found that X rays could not be excited by a differ- 
ence of potential represented by twenty thousand volts. I 
found that at least one hundred thousand volts were neces. 
sary to produce them strongly, and I therefore resolved to 
construct a Plants rheostatic machine. This machine is 
simply an apparatus, by means of which Leyden }^rs are 
■first charged in parallel and are then discharged in series or 
by cascade. That is, all the inside coatings of the jars are 
connected to the negative terminal of the ten thousand cells, 
and all the outside coatings are connected to the positive 
terminal of the cells. When the cells are charged the inside 
of one Leyden jar is connected to the outside of the next, 
and so on. In this way a very high electromotive force can 
be obtained. I use sixty Leyden jars in the form of plates 
of glass 15 X i8 inches coqted on both sides with tinfoil 
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Starting with twenty thousand volts, I can exalt this to one 
million two hundred thousand volts. The accompanying 
illustration (Fig. 200) shows the Plant6 machine. The me- 
chanician of the laboratory has introduced a notable im- 
provement in the apparatus of Plants. Instead of a revolv- 
ing commutator, such as was used by the latter, Mr. 
Thompson employed lever anus, by means of which the jars 
were first charged in parallel and then discharged in series. 
It was found that the apparatus designed by Plant6 could 
not be used for higher voltages than one or two thousand 
without serious error and loss. By means of this apparatus 
I can study electrical discharges at least 4 feet in length — 
of great body — which are produced by an electromotive 
ftwee of one million two hundred thousand volts. This ap- 
paratus possesses the great advantage that it enables one to 
obtain a fairly exact measure of such high voltage. When 
we reflect that the trolley car employs only five hundred 
volts, and in the system of transmission of power from Ni- 
agara Falls it is proposed to use only ten thousand volts, it 
is evident that the effects produced by voltages of over one 
million must be of great scientific interest. 

The study of such high electromotive forces immediately 
showed that previous estimates of the clecti'omotive force 
necessary to produce a .spark of a certain length were 
highl}’' erroneous. For instance, Heydeweiler, a German 
investigator, believes that Prof. Elihu Thomson’s state- 
ment that a spark of 5 feet in length which he produced re- 
quired a voltage of five hundred thousand, is very wide of 
the mark, and Heydeweiler maintains that one hundred 
thousand would be nearer the truth. I find that even Prof. 
Thomson's estimate must be more than doubled. Experi- 
ments with my apparatus show conclusively that the length 
of the electric spark Vietween points separated by more than 
one incdi varies directly with the electromotive force. A 
spark forty-eight to jfifty inches in length requires an elec- 
tromotive force of one million two hundred thousand volts, 
and a discharge of lightning one mile long would therefore 
require the enormous number of over one hundred million 
volts. In reflect ing upon the develoiiment of such enormous 
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energy in the air we can understand why telephone bells 
ring during a thunderstorm ; why subsidiary sparks occur 
in networks of wires ; and why telegraphic messages are in- 
terrupted. The world beneath the thunderstorm throbs and 
pulsates with the oscillatory discharges of lightning. 

One of the most interesting results of my study of pow- 
erful disruptive discharges is the discovery that such dis- 
charges will pass through glass tubes which are exhausted 
to such a high degree that they are said to contain a vacuum ; 
for the 8-inch spark of a Ruhmkorff coil prefers to jump 
around the tube to passing through the extremely rarefied 
space in the interior of the tube. Such tubes, however, are 
brilliantly lighted by a difference of potential of a million 
yolts and readily show the X rays, and exhibit the skeleton 
of tlic hand in a fluoroscope. The so-called brush discharge 
from the positive terminal of the Plante machine extends 
visibly to a distance of over a foot. If the hand is exposed 
to this brush, it produces the well-known X ray burn, such 
as various investigators have received in taking photographs 
of the skeletons of their hands, or in testing the condition of 
Crookes tubes by ext)osing their hands before a fluoroscope. 
The skin of the hand becomes irritable and turns a bright 
red color, especially after exposure to cold winds. 

The result interested me greatly ; for it proved that the 
so-called X ray burn could be produced by the brush dis- 
charge of very high electromotive force. The extent of the 
influence of this powerful brush discharge is very great. 
For instance, photographic plates in a plate holder carefully 
insulated from the ground and covered with a plate of glass 
half an inch in thickness show the inductive action of the 
brush discharge from the positive terminal, which is distant 
at least a foot. These inductive effects are manifested by 
star-shaped figures on a photographic plate. They are sur- 
rounded by dark clouds. When the burn on the back of 
one's hand produced by such brush discharges is examined 
by a microscope similar centers of disturbance (in this case 
points of inflammation) are seen. Although the Leyden jars 
of my machine are carefully insulated on supports of vul- 
canite which are mounted on dry wood, which in turn is 
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supported on rubber, I can obtain a discharge of more tlurn 
2 ieet in length when I bring a point connected to tlui steam 
pipes to the neighborhood of one terminal of the machine. 
The other terminal of the machine is carefully insidated. 
This experiment shows conclusively that it is of no use to 
insulate lightning rods. My experiments thus far show that 
no vacuum which I can produce can resist the cliscliarges 
which are caused by one million volts. It now Ih’couh h an 
interesting question whether there exists mechanical or 
chemical means by which a so-called vacuum can be produced 
which will resist such discharges. 

TPIE ELECTRICAL PLANT OF THE JEFFERSON PHYSICAL 

LUlORATOkV. 

HY rROP. jun.v TRoWimUHiE. 

The Jefferson Physical Laboratory of Harvaril Univer- 
sity has at present tiic most extensive plant for the study of 
high tension electricity in the world. It consists of 20,1x10 
storage cells with transformers which can exalt the normal 
voltage of the.se cells— -44,000 volts* -to 6,o<x),ocxi. A higher 
voltage could be obtained, but I have discovered that even 
3,000,000 volts is not realized in the length (if the electric 
discharge, which should be to feet— -us long as the ajK 
paratus is inclosed in a room with walls of brick. It will 
be necessary, if the effects of high voltage are to be studied 
in regard to their full disruptive effects, to place the ap- 
paratus in an open field, and at least jo feet above the 
surface of the ground. 

In a previous article I described the type of cell and 
the peculiarities of my transformer. I wlsfi to dencribe in 
this article some new re.sults I have obtained with the 
greatly increased size of the battery. 

The plant occupies a room in the lal)oratt»ry approxi- 
raately 30 by 60 feet The battery is contained in dasftn with 
doors to protect from the dust Fig. 201 gives a general 
view of the.se closets with the racks of cells. 

Glass condensers serve the function of I^*ydrn Jars. 
There are twelve of these trays, carrying twentv-fivc glass 
plates each, there being thus three hundred plates In all. 
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'The condensers are made ^ of an inch in thickness, and 
they have a coated surface of tinfoil, i6.\'2o inches ; the 
capacity of the entire condenser in multiple is about i.8 


Fig. aoi 


Aisle of Battery--34 x 6 feet ; there are eight aisles in all. 
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microfarads. When the condensers are charged to 20,000 
volts and discharged in series a spark 6^ feet in the air is 
produced. As I have previously said, a longer spark can- 
not be produced as long as the apparatus is situated in a 
room and not in an open space. 

I have lately made some interesting experiments in 
regard to the question, “ Can lightning pass through a 
small orifice ? ” And I mention these experiments in this 
connection to illustrate the character and behavior of these 
powerful discharges. A plate of glass 5 feet square and ^ 
of an inch thick was placed between the spark terminals. 


Fig. fioa 



DUichargo at High Potential. 

The plate was necessarily of this size to prevent the sparks 
from passing around the edges of it The plate had a small 
hole bored through it at its center. The orifice could be 
made much smaller by filling the hole with paraffine and 
making a needle hole in the paraffine. It was found that 
when the discharge terminals were in line with the hole 
and 5 feet apart, the discharge would pass through the 
minutest orifice; but the portion which passed through 
the hole was only a fraction of the entire discharge, for 
there was an inductive action over the entire surface of the 
glass. This inductive action could be shown by hanging a 
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large sheet of paper in front of the glass. After the dis- 
charge it was found closely adhering to the glass, while its 
presence did not modify the general appearance of the 
spark shown by the photograph ; furthermore, when the 
hole in the |)latc is entirely closed by paraffine and the 
spark terminals are placed opposite each other, about 4 feet 
apart, with the glass plate midway between them, a spark 
will jump from one terminal to the surface of the glass, 
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Spark X{3cplogloo 

Discharge Through ParafBned Paper. 


while no spark is seen on the opposite side of the glass. On 
close inspection, however, a faint brush discharge can be 
detected on the sparklcss terminal ; the discharge has been 
continued by an inductive action over the entire surface of 
the glass. 

When the spark terminals were not opposite, the spark 
also sought the orifice, but in general the discharge jumped 
to the nearest point of the glass and then pursued a devious 
way to the hole, t was interested to study the electrical 
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action at these forks or sinuosities, and accordingly hung 
up a large sheet of paraffined paper on the glass and photo- 
graphed the discharge through the translucent paper. 
After the discharge the paper was found to be blown out in 
rents at points corresponding exactly to the forks or sinu- 
osities of the discharge. I have arranged a photograph of 
the spark and a photograph of the rents in the paper near 
each other, and it will be seen how closely the explosions 
correspond to the forks. Is it not possible that the peculiar 
rolling of thunder coming apparently from a single dis- 

Fig. 204 



. Deflagration of the Wire, 

•charge of lightning may be due to successive explosions 
along the same spark many hundred feet apart? The 
discharge of the condensers in multiple, however, has more 
scientific interest than the discharge in series, for by its 
means great heat can be generated in a confined space, 
giving probably the highest instantaneous temperature 
which has been attained. The following experiment illus- 
trates the quantity of this discharge ; a fine iron wire about 
six inches long was stretched around the spark gap, serving 
as a shunt to the latter. It was found that the wire was 
deflagrated. Fig. 204, at the instant that a spark passed across 
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the air gap. This leads me to think that a small spark 
could occur under certain conditions inside a metallic cage, 
and in the case of very powerful lightning discharges a 
wire cage would not be a perfect protection for a powder 
magazine. 

I have used the strong current from the entire battery 
to excite discharges in hydrogen, for the spectroscopic 
study of this gas is of the highest interest, since it is ap- 
parently the chief constituent of the atmosphere of a great 
number of stars, and it is the constituent of the flames of 
the sun. From my spectroscopic study I find that aqueous 
vapor becomes manifest in all glass vessels which I have 
examined filled with apparently pure dry nitrogen or 
hydrogen. The powerful discharges drive off the aqueous 
vapor from the glass, notwithstanding the glass has been 
subjected to a long process of heating to expel the vapor 
dur ng the exhausting of the tubes. 

The most interesting result, however, I have obtained 
with this great battery is the production of the X rays for 
the first time by a steady current. An X ray tube is simply 
connected to the terminals of the battery and a water 
resistance of jierhaps a million ohms is inserted in the 
circuit; the tube is then heated by an external source of 
heat. In an instant the tube lights with a most brilliant ex- 
hibition of X rays, and photographs taken by means of 
them show unmistakable evidences of the tendons and 
muscles. I believe that when the right conditions are 
reached I shall obtain satisfactory photographs of these 
objects. 


LIGHTNING ABOVE AND BELOW WATER. 

BY PROF. JOHN TROWBRIDGE. 

I believe that the following experiments show that light- 
ning never strikes the surface of the sea. In studying the 
spectrum of water vapor, I have often endeavored to pass 
powerful sparks to the surface of water, in order to obtain a 
strong spectrum from the resulting volatilization. In every 
case sparks of high electromotive force resembling, as far as. 
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possible, lightning discharges, being with niy apjiaratus 6 
feet in length, refuse to strike the surface of a level basin cjf 
water, and pass to the edges of the cyntainiag vessel. Mven 
if the terminal is brought clt)se to the surface of the water, 
only a brush discharge manifests itself. In one experiment 
I inclosed water in the ends of a vacuum tube, Fig, 205. I lav 
ing exhausted the tube to the point of the vajjor tensi«»n of 
water, I endeavored to force a discharge frotn the surface of 
the water A to that of B. This was found to be impossible. 

I was led to these experiments with the desire to obtain 
a spectrum of water vapor which would be free from all 
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Vacuum Tube Containing Water* 


suspicion of the metallic lines of the terminals employed. 
Subsequent experiments, however, convinced me that with 
long sparks no metallic lines showed themselves at a distance 
of even 2 inches from the terminals. If the quantity of the 
discharge is made very large by the use of a powerful in* 
duction coil actuated by a Wehneltor liquid interrupter, the 
’ metallic lines can be seen further than 3 inches from the 
metallic terminals. 

It is also extremely difficult to pass powerful sparks frcjm 
one stream of water to another. In this case we alwi have 
two liquid terminals free from any suspicion of contaauna- 
tion of spectra. My apparatus was arranged as shown in 
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Fig. 206. A step-up transformer, giving powerful discharges 
with a difference of potential of one or two hundred thou- 
sand volts, was connected to two vessels of water which de- 
livered two streams of water. It was interesting to see the 
tAVo streams approach each other under the effect of the 
alternating plus and minus charges. When the streams 
were attracted suflfiiciently near each other a spark passed 
which, on account of the high resistance of the water, did 
not give sufficient light for si)ectrum analysis. When salt 


Fiu. 306 



was dissolved in the water a brilliant spectrum of sodium 
vapor was obtained. The experiment affords a gotjd class 
illustration of the attraction of alternating currents, but did 
not serve rny purpose in studying water vapor. It does not 
seem probable that lightning discharges pass through regions 
in the air of heavy rainfall. 

Lightning discharges which seem to strike the sea really 
pass from one region of the air to another, and it is only per- 
spective which leads one to suppose that the discharges 
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Strike the water. It is remarkable that sufficient electric 
density can accumulate in the cloiuLs to allow a tlischurj^c 
from one region to another. I have reason to believe Irom 
my experiences with powerful discharges that we underrate 
the quantity and voltage of lightning. 

Benjamin Franklin would never have tried his famous 
experiment if he had previously used an at)i)aratiis similar 
to mine. 

Having failed to obtain the watcr-vapor spectrum witli 
the use of Avater terminals, I turned my attention to the pro- 
duction of the electric spark under water. Certainly in this 
case I should have the ligh*' of aqueous vapor in excess of 
the light of the metallic terminals. I found it was dillicult 
to produce a spark under distilled water by the simple im- 
mersion of the terminals. It was ncce.ssary to seal platinum 
wires in glass tubes, and these wires should not emerge from 
the glass tubes to a greater distance than half an inch, and 
moreover should be immersed but a short distance below the 
surface of the water, if the water is contained in a glass tulje 
of not more than 2 inches in diameter. If they are immersed 
to a depth of even 2 inches the sparks I employ will instantly 
shatter the glass tube. The light of the electric spark under 
water is extremely brilliant and resembles that of an inclosed 
arc lamp. There are no lines, however, in its sijectrum. 
The spectrum, in other words, is continuous and like that of 
an incandescent solid. How shall we picture to cnirselves 
the formation of this light? Is it due to the combustion of 
oxygen and hydrogen which are set free from the water, 
is it possible that the particles of water vapor sufficiently re- 
moved from a state of continuity can become incandescent? 
The spectrum of powerful electric sparks in the atmcjsphere 
also shows a continuous spectrum underlying the bright 
lines which are due to oxygen, hydrogen and nitrogen. It 
is probable that this continuous spectrum is due to water 
vapor. The various spectra of lightning obtained by differ* 
ent observers are due to different amounts of water vapor in 
the air. 

Here is the water- vapor spectrum combined with air 
lines’ (Fig. 207), the smdy of which led me to these expert 
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ments with electric sparks above and below the surface of 
the water. It consists of a continuous spectrum with marked 
bands and collection of fine lines, which arc collected to- 
gether, especially in the blue and violet parts of the s[!cc- 
trum, which is represented in the accompanying ])holograph. 

I have said that it was necessary to be careful with the 
employment of powerful st)arka beneatli the water or oil in. 
glass tubes smaller than 2 inches in diameter. Tlie glas.s 
is immediately shattered by an explosion which is not due 
to heated air suddenly ex[)aii(ling. I am inclined to at- 
tribute the explosion to the combination of hydrogen with 
bubbles of air or oxygen. The dielectric is filled wilh a line 
cloud of gaseous particles. When the surface of the water 
is covered with a thin lihn cd oil, the water immetliately, 
under the effect of the electric discharge, becomes opal- 
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SSpccirum of Water Vai>or. i 

escent and remains so for weeks. Thus we have an inter- ' j 

esting case of troubled solutions. It seems to be an electric : 

emulsion formed by the liberation of extremely minute I 

particles of gas or air which become coated with oil and we t 

thus have a medium filled with millions of minute soap . | 

bubbles. | 

In Fig. zoy the broader spectrum is that of water vapor and i 

air lines in the blue and violet. The narrower spectrum is \ 

that of the corresi)onding regions of the sun’s spectrum. j 

The photograph was taken with a Rowland concave grating • 

and is tlierefore normal. j 

The explosion is analogous to that of a dust explosion, ; 

with minute bu!)bles of ga.s instead of minute particles (d 
carbonaceous matter siibmittefl to quick cotnbustion. It i 

may be that the report of lightning, apart, of course, from ; 

the rolling of the thunder, is due to the explosion of the dis- ; 
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sociated g-as particles. When Hg-htning exhibits a zigzag 
path, it occurs in low regions of the atniosplierc, certainly 
below a thousand feet. Its spectrum will therefore show 
the ordinary atmospheric lines with a continuous spectrum 
underlying, which is intensified where the hydrogen and 
aqueous lines occur, as seen in the accompanying photo- 
graph. The hydrogen lines are very broad. When the dis- 
charge is above a thousand feet it loses its zigzag character, 
and with the same voltage as in lower altitudes can be of 
great lengh. At still higher regions we have the aurora. 
Water vapor plays a controlling i)art in all these jihases of 
lightning. 



THE CONSTRUCTION OF A VOLTMETER AND AMMETER SUtl'- 
ABLE FOR A SMAI.L .SWITCHllOARD. 

UY NKVrC MONUOK HOl'KIN'S. 

Dynamo and motor tending, unaccom[)anied by suitable 
means for reading the voltage value, current strength, and 
power, whether for commercial or experimental purposes, 
places the electrician in charge of a machine in an inefficient 
capacity, when not in an altogether inqxjssible role. As an 
accompanying equipment for the numerous small motors 
and generators, the working drawings aiid designs of which 
are to be found in the columns of the various technical 
periodicals, the little indicating instruments described for 
construction in the following pages are i)rimarily intended. 
With a sensitive voltmeter placed acro.ss the feeders of one 
of these small machines, the sjjced of its armature can be 
“ observed” and held constant, and with a delicate ammeter 
included in its circuit, the very pulse of the machine can be 
“ felt ” at any instant of its performance. 

It is with the wish of assisting those who have con- 
structed electrical machinery on a small scale that the 
ovv'ing dire * 
struments, s 
care. Ins 
d nicetv ol 
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scats, but in the entire assembling of all portions aiul theij 
final adjustment. These instruments, carcfullj' anti accu- 
rately made, will fully rc^jay one for the time and slight 
ex[)ense incurred. The voltmeter and the auunetci aic illus- 
trated in Figs. 209 and 210, respectively, with plan and ctlgc 
views which arc the reproductions of working thaw ings. 

The voltmeter, which we will iirst take up, einbtulics tin* 
well-known principle of the old D Arsonv'ul galvaiuuncttu, 
which has won for itself such univ'crsal popularit v in line 
laboratory measurements. As will he .seen, tlie lichls uf this 
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Front and Side View of Small Switchboard Voltmeter, Made Iroin 
Horseshoe Magnets, 


voltmeter are made from a pair of common horsesmu* mag> 
nets, bolted together, and cored out on the lathe tr» receive 
the little moving coil of wire. The reading .strates as given 
in the illustrations arc of arbitrary chartictrr, and not tin* 
result of calibration, which will he discuHsed later, 'rite 
most satisfactory way to commence the making of tldn In- 
strument is the choo.sing and cutting out of the magmi**. 
For the purpose will rccpiirc two d-inch magnets, nH*a>»ui ing 
from the tips of the poles to the outside curve at thffjip. 
chosen well mated, that is to say of the same shape as near 
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as pt^ssiblc, in order that they will coincide at the poles 
when l)oltcd to^ctlier. vViiy slight ovcrlappin^i;, of course, 
is not serious, for tlie boring out on the latlic after the two 
nia^nnts arc firndy bolted tog'ether reduces all vital irre”;u- 
larity, cutting' the cylindrical opening from the two thiek- 
nesst'S of steel absolutely true. 

The luagncts are now i)laced in a charcoal furnace one 
at a titae, and arc raised to a cherry red heat, and allow'ed 
to cot)l slowly in a less intense portion of the fire. This 
annctiliag is necessary in order to allow of the cutting out 
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Front and Sid« View of Small Switchboard Ammeter, Showlnf^ Side iti 

Partial Section. 

and drilling for tlie lailts ancl screws, as the magnets are 
nuuht frcjtn exctdlent hard steel, and wlien tempered are 
workcul with the greatest diniculty, if they ctin he worked 
at all. I laving clrawn tlic temper, and, of course, in- 
cidentally tlie nitigneti.srn, the coring and drilling of the 
steel is a very etisy matter. It will he observed that the 
poles are sejtanited by a very small gap, in some Gdnch 
magnets tmly cdttnit i- inch. In order to make a sufriciently 
large latlic cutting for the movable coil of wire M'ilhout 
borini^' away the best portion of the steel at the poles, they 
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must be separated throng'll a distance of at least f inch. 
This reason will be made clear by a glance at the figures 
illustrative of the bored-out magnet, 'rius st‘[)arating is 
easily accomjilishcd by i)lacing the magnets in a vise in the 
manner indicated in Fig. 211. 

The poles arc placed directly against one jaw of the 
vise, and an iron rod is slipped in between them in sucli a 
way that it rests against the second jaw. lly holding this 
rod firmly, and keeping it in a vertical position, when 
screwing up the vise, the pole pieces can be forced apart to 

Fig. 2X1, 
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• Method of Separating 
Magnet Poles, 


Horseshoe Magnet Bored 
Out and Drilled. 


almost any desired extent. Having spaced the priles just 
I inch on each magnet, they are carefully placed together 
in a small hand vise, and firmly clam[)t‘d for drilling. The 
position of the holes, which are ju.st inch in diameter, 
with the exception of the two small ones, is shown in Fig. 
212. The upper holes are just inches from the pole tips, 
carefully measured, and the third hole is drilletl through 
the center of the curving portion as shown. At an exact 
distance of 4f inches from tlie poles are drilled the two 
smaller holes which are to receive the screws of the scale 
plate. 
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Ilavinj4 completed this drilling, temporary iron bolts 
be pet iu, and their nuts turned lirmly on, holding the 
securely together for the boring out on the lathe. 
This btiring or circular opening must be, as indicated, just 
l i inches iu diameter, and is cut with a regidar boring tool, 
witli the work bolted on a lathe face plate. The magnets 
mvist be so placed on the face plate that the limit of the cir- 
cnUir cutting just I'cachcs the poles, leaving no mass of 
luctxil there for the lines of magnetic force to leak between. 
We c'ui\ now remove tlie work from the lathe, but before 
taking the magnets apart, they must be marked with a (ilc 
in order that they may be reassembled correctly after tem- 
peri ng and magneti/dug. 'I'hey are now plaeecl separately 
in the lire for the second time, and raised in temj)erat,urc to 
a full ciierry-white color, and plunged immediately, poles 
tU»witward, into a large, pail of ice-cold water. This most 
rrft‘ct ually rc'places the temper, making the steel so luird 
thnt it is not possible to work it afterward, and it is for this 
rtnison that the hole.s for the bolts and scale screws must be 
vrrv carefidly aud accurately located beforehand. 

In order to replace tlve magneti.sm, it is only necessary 
tt» draw the magnets separately over the poles of a power- 
fully excited electromagnet. The horseshoe magnet is 
allowed to strike the poles of the electromagnet with some 
little force about midway up, when it is drawn backward 
and |iulled away. This j)roccss is repeated about a dozen 
times with each magnet, and the two arc finally laid 
tc »g;eilier, with their like pole^, of course, in contact. The 
cleet romagnet is best lua'dc for and operated with an 
fleet ric lighting current, and will prtwe a most useful 
aflcHt i(ut to any experimental shop. The iron cores of this 
inug^net should be at least r inch in diameter, and be pro- 
vided vvdth !){)bl)ins or spools sidficiently large to hold the 
pr«»per length of wire of the right resistance to be con- 
neetecl direct with the electric circuit. As the most simple 
ajJiilicmtitm of Ohm’s law in combination with the carrying 
ca|»£ieity of a given wire and its resistance suffices for 
tn^iki ng eifctroiuaguets of all sizes, it is not deemed iicces- 
sitii’ V to give tlie space here to detailed directions for dif- 
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ferent wires and lighting’ pressures, because of the un- 
doubted ability of the reader to design and make just what 
he needs in this line himself. 

Having the magnets drilled, bored, tempered, and mag- 
netized to such an extent that they will lift two or three 
times their weight, which is readilj^ accomplished if the 
electromagnet used was powerfully excited, we can lay 
them aside for the present, and take up the work which re- 
quires the greatest care and attention. This work consists 
in making and winding the little movable coil, and in pro- 
viding it with its steel pivots. The frame of this coil must 
be light, and preferably of insulating material, in order to 
eliminate the danger of grounds and short circuits. The ma- 
terial chosen for the purpose is cardboard, cut with a sharp 


Fig, 213. 



Portions of Frame for Movable 
Coil. 


Fig. 214. 



Method of Mounting Frame in 
Lathe for Winding. 


knife in use with a steel straight edge, from a stiff visiting 
card. Fig. 213 illustrates the simplicity of making, the two 
little frames being cut out accurately to size, as shown at A, 
where the dimensions are marked on the diagram in frac- 
tions of inch. At B we have simply a little frame bent to 
shape, for gluing between the two cut-out frames, which give 
the whole stiffness and strength as soon as put in com- 
bination. At C we have the framing complete, looking at 
it from its upper edge. The gluing together must be very 
neatly done, and the work must be absolutely true when 
finished. Several coats of orange shellac must now be 
applied inside and out, and when hard, a tiny hole is drilled 
through the upper left-hand corner as shown in the figure 
at A. The frame is now arranged for winding with its fine 
wire, which is conveniently mounted for revolving in the 
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lathe as uidieatetl iu ^14. Here we have an ecl^e view 
<tf tilt' lildt' btihbin at b), inounltal between the two nuts, 

1’^ bb on the bolt, b', which is held in the c'lnic'k of the latlu*. 

We now come to the choice of wire and the windin^^ 
which must be. governed by the voltage of the machine with 
which the voltmeter is to l)e associated. \Vc have on this 
little frtune a space available for wire, imhi wide by a 
trifle less than k iRch in height, we will .saj^ /g t»f RR inch, 

/g of an incli being subtracted because of the. thickness of 
the inner cardboard framing which is glued against, the two 
outer piece's, and encroaching upon their width to this es- 
tent, 'rin; voltage; most freciuently met wdth is no, with a 
nuiximum rise to about 125. Therefore, the instrument de- 
st'ribed is best wound to indicate bet ween o volts and 125, 
including, in the o|)inion of the writer, nearly td I tljc small 1 

machines described for construction, whether for power, ; 

lighting, or experimental work. As this voltmeter is in- ; 

tended for switchboard work, it must be capable ol re- 
maining at'ross the feeders of a current difTt'ring in potential - 

by t to volts constantly without heating ig) or absorbing \ 

any apjireciuble amount of the current. i 

In order tlnit it may indicate, without being wtiateful, | 

it must possess a very high resistance, allowing only tibout j 

<j.o2 ampere of current to pa.ss through its coils as tlic nmxi- | 

mum. We must, therefore, choose a very fmt' wirt; for the , 

bobbin, putting us much on as possible without bulging out j 

bev«>ud the .sides of the little frame, and wind in addition on * 

a resistance spool sufficient wire to shut out all curn*nt flow I 

with the exce ption of about 0.02 ampere. We will require ; 

for the purptmc (d winding both ct»il and stationary re- > 

sistunce spnul 2.1 ounces of Kf>. 40 single silk-covereti wire. 

I’liis fine wire is ctmstantly weighed out on coarse or large j 

serdes, the u eight, and consetpientlv tin; resistance, of tli; ■ 

wire l)eit5g only approximate. In addition, the jn.irit)'' of ’ 

c'jqrper in wire varies, and in .some instances the gage, so it 
is wise to connect the wire across tiie feeders of a no-volt 
eimtit before removing from the .spool it was bought upon. 

wire slumld warm up very little, in fact, to a scureelv 
noticeab'le degr<‘e, and when placed iu circuit with a delieale 
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ammeter should allow only 0.02 ampere of current to flow, 
of course, at the maximum pressure with which it is to be 
used. If the current absorbed by the spool is too i^reat, 
more wire must be obtained and wound on ; if the current 
taken falls short of 0.02 ampere, some of tlic wire must be 
removed. By makinf^^this test one cannot go astray. 

The question is sim[)ly this: It requires at least this 
amount of wire to offer sufficient resistance to the high 
voltage current to shut out all but 0.02 ampere, which is 
the maximum carrying capacity of the wire itself. As much 
of this quantity as possible must be placetl on the movable 
bobbin and the remainder must be wound on a spool and 
included in scries. This wire is extremely line and is t(» be 
handled with great care. In the first place do not, under 
any circumstances, allow the dealer to sell the wire wound 
on anything but a smooth wooden spool. Small wire is 
sometimes wound on a card or roll of paper for the pur- 
chaser, and should on no account be accepted in this con- 
dition. To attempt to handle wire of this size from any- 
thing but a spool will surely result in great tlelays, and the 
loss of the major portion of the material through kinking 
and tangling. 

Having mounted the little framing on a bolt, as in- 
dicated, and placed the same in the lathe chuck, we are 
ready to fill it with the insulated wire. The reaeler must 
expect to exercise much patience here, and give a good 
deal of time and attention to the snmoth laying on of the 
layers. The winding commences from the small hole in 
the cardboard frame, and the lathe is run away from the 
operator, or clockwise when facing the chuck. This wire 
is so fine that it should not be made to pass out of the little 
hole unprotected, as it is sure to break off and necessitate 
rewinding just as the coil is finished. In ortler to give it 
proper protection, its end is attached to the end of a short 
piece of No. 32 wire, which is brought out and wrapped 
around the bolt temporarily, prior to attaching to tfte upper 
pivot of the coil In attaching this No. 40 wire to the No. 
32, the two are twisted together, and solder is tmule to flow 
by means of a jeweler’s soldering a»pper. Use no zinc 
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chloride or other corrosive fluid on small wire, as it rapidly 
corrodes it away after comjjlction. A little resin is safe, 
and should be applied flnely pulverized. The No. 32 wire 
is wrapped around the bobbin once or twice in order to 
take all strain off the finer wire. We can now proceed 
slowly, i)uttin^ as many layers on evenly as possible, tliat is, 
in perfect layers. It will not be possible to put them all on 
in layers, but as many as possible should be put on in this 
order before the lathe is run more rapidly, and wire simply 
fed on back and forth. A tiny hole should be made on the 
outer corner of the little frame when the coil is complete, 
and the wire drawn directly out. Should it break off here, 
it is not a .serious matter, but should it break below, a re- 
pair is a very diflleult thing' to make. 

We can now remove, the work from the lathe, and pro- 
vide the coil witl\ little brass plates for the recei)tion of the 
steel pivots. The scheme of attaching the pivots and their 
plates is illustrated in Fig. 215. Tlie little coil is represented 
complete at Cb with the top and bottom plates bound in 
place with silk thread. At II we have an end view with a 
single layer of wire wound on merely to sliow the con- 
nections, which arc very simple, one end of the coil going 
to the upper plate, where it is soldered, and the other end 
going to the bottom, where it is attached in the .same man- 
ner. At I we simply have the little plate drilled out to re- 
ceive the pivot. The pivots are cut from steel rod incli 
in diameter and f inch in total height. The little brass 
j)latcs into which the pivots arc to be soldered are -iV incli 
thick, leaving the point of the pivot 1^9 inch above the sur- 
face of the plate. 

These pivots are drilled through with small holes as 
indicated, and turned to fine cones in the lathe by means of 
a very sharp and fine tool. The work on these mu.st be 
[perfect, and if the first attempt does not bring true and 
smooth cones, a second set must be made. They are now 
held in the flame of a Bunsen burner, and heated to bright 
redness, and plunged into a vessel of mercury, which makes 
tliem extremely hard, Tw(j little brass plates are iu)w cut 
from brass inch in thickness, and tiled to just cover the 
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Upper mid lower cellos of the little Inuiit* i espec.ti\ el\ , lu 
resting' upon tlicni. Holes lire drilled ihiough cKiUIIn in 
the centers with a -J-inch drill, and the lillle pi\o(s piessed 
in. They must be absolutely in line before pioci’eding, 
wducli can only be expected as tlie rt*sult t)f iiccuiutt tiiul 
skillful workmanship. Before soldering in positiem the 
little pivots should be polished by revolving in the Lit lie, 
and by applying the linest meal emery on cdoth. 

The little plates with their respective pivots are hnnly 
bound on the framing with silk, as iUustiated at (*, the 
corners of the brass bc*ing I'lled smooth befoie. uiinling on 
the silk to prevent its being cut. The ends of the eoil are 
now securely soldered to the brass ])lates. and the whole 
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Movahlo ('oil, 
wUh IMuictnauns. 


given a good coat of orange shellac to keep out all moisture, 
which is liable to warp the coil in time, should this pre- 
caution be omitted. We are now ready for making the 
frame of lirass which holds the littU^ movubht coil. 'Hi is is 
cut out by moans of a hack saw from a solid plate of brann | 
inch thick, and has the dimensions and form as given in 
Fig. 216. This frame is neatly smoothed off with a fine flat 
file after sawing out, and is provided with a hardeneti >.teel 
screw possessing a conical cavity at its end for the re- 
ception of one of the little pivots of the ahl. 'fhls screw 
passes through the frame at J, and is securely locked in 
position by a couple of nuts a.s shown. 

This conical cavity in the end of this screw is ctmven 
iently made by drilling into the end with a small I wist drill. 
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before hardening in mercury as in the case of the conical 

pivots. 'I'he angle at the apex of the sunken cone, or 1 

conical cutting, should he a trille larger than the angle at 

the apex of the cone tni the pivot to })revent friction. In 

other words, the angle of the cutters on the drill must be 

more ol)tuse than the angle at the a[)ex of tlie little pivot. 

In this manner \vc will have the movable coil supported 

simply by hardened points in tiny hardened seats. At the 

left of the frame, at K, wc have a little hardened block of '• 

cast steel, also provided with a little conical cutting for the 

rece|:)lion of the other pivot. This steel block is forced I" 

into a groove, cut in a piece of vulcanite, L, which in turn ! 

is forcc'd into a cutting in the brass frame. A little shellac [ 

aplilied before forcing in place insures a perinaneut hold. 

'riic ex^ct size of the steel block and vulcanite insulation, 
of course, does not matter so long as the distance of the 
conical seat from the back is | inch. The space denoted by 
X is variable becaiuse of the .screw serving for the adjust- 
ment. The portion, iM, is an edge view of a soft iron cylin- 
drical core held in place from a bolt at the back. The little 
hollow coil moves about this core without contact with it. 

This core is shown in ]:)ositioii at () in the front view of the 
completed voltmeter, Fig. 209. Wc must now provide a ’ 

Hcconcl j)iecc of vulcanite, N, Fig. 216, which is screwed ^ 

agaiiust the brass framing, and which carries a small bind- 
ing screw, wSmall brass screw bolts with tiny nuts may be 
hud which make these attachments very easy. The coil can 
now be placed in position in the frame, the screw being ! 

turned until a nuxst gentle adjustment is established when 
the nuts are locked. Care should be taken in locking the : 

nuts, not to turn the screw further, thus damaging the [ 

points by undue strain. 1 

The frame is now to be bolted to a brass base plate 3^ s 

inches wide, 6| inches long and ^ inch in thickness. The ‘ 

bolts are shown at the left in Fig. 216, the exact distance 
separating them being marked on the bra.ss plate before 
drilling holes for them. The distance from the top of the 
brass plate to the top of the coil-supporting frame must be 
just i inch. The careful drilling of these holes and the 
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adjustment of the frame and magnets cannot be too stronp;ly 
impressed upon the reader. It is ut)t the easiest stage in 
the making of this instrument. The height adjustment of 
the magnets, regarding the brass base plate, is most con- 
veniently accomplished by using bolts and three running 
nuts, as illustrated at P P in Pig. 209. 

The pointer consists of a thin tapering strip of sheet brass 
to which is soldered at the top a slender brass wire carry- 
ing a little sliding weight us sht)wn iii the first figure at {}, 
both in the plan and edge view. It is the weight of this 
little brass cylinder which resists the turning of the coil, 
and must be adjusted to each instrument by the maker when 
calibrating. It must obviously be placed at such angle that 
the index will point at o when the weight is vertical. The 
scale is made from cardboard glued to a Iwass pattern which 
is screwed to the magnets as indicated. The scale i.s struck 
off with a pair of compasses set for a 4|-inch rudiu.s for the 
center line of the reading portion, which is the length of the 
pointer. ' The actual width of the scale is | inch, and the 
maximum angular measurement between the jjosition of the 
pointer when at the extreme right and left is 60", giving us a 
reading arc 4I inches in length. 

The resistance spool which is included in series with the 
wire on the movable coil is shown in po.sition at R in btJth 
views of the finished instrument. Connections are made btv 
tween the pivots of the movable coil and the binding screws 
on the frame by little spiral ])ieccs of Nt), 40 bare ctjpjier 
wire, as indicated at S S, which are firmly held in the holes 
of the pivots by a little wedge and the end of the p«iiritcr 
respectively. These tiny wires should have an easy lierul of 
considerable radius, and should not be toucheil after the in* 
strument is once adjusted, for, although they are of the finest 
character, they exert a little spring force on the moving of 
the pointer, and if they are not touched or bent after the 
first setting their effort on the moving coil will be constant. 
The instrument is now ready for testing and calihratitm ami 
can be made to read true volts direct or indicate any arbi- 
trary potential values. For this it is only necessary to divltle 
the scale into equal parts. For true volts, however, it Is 
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necessary to compare the instrument with a standard volt- 
meter. 

U is assumed that tlu; reader wishes a complete instru- 
nient for direct volt values, and that he can have the use of 
a standard instrument for the purpose of com[)aring’ the 
reading’s. Both the standard and the instrument we are 
making are placed across the terminals of a dynamo and the 
machine started, its armature being driven until the ob- 
servin' knows that both voltmeters arc properly connected 
and observes the indicators moving over their res[)ective 
scales. Tile dynamo is now speeded u}) until the standard 
indicates 125 volts, wlien the little brass weight on our in- 
strument is so adjusted that our instrument also ^indicates 
125 volts, 'riie weight of the little brass cylinder can here 
be determined by actual experiment in connection with its 
own individual in.strument, which is far more accurate than 
written directions can be which are based upon another in- 
strument. 

The liclds of the dynamo are now gradually weakened 
by turning the resistance of rheostats in, and the scale of 
the voltmeter is marked off to agree with the readings on 
the standard as the voltage gradually falls. The voltage 
will not fall to o with this method, of course, but will drop 
below the readings at which the instrument will prove most 
useful on the switchboard. To get the lower readings the 
machine is started up from a state of rest with both volt- 
meters connected across its terminals and the rise in poten- 
tial closely noted on the standard and marked on the scale 
of tl ic instrument undergoing calibration. T'hc processes 
shoidd be repeated a number tif times, going backward and 
forward, up) ward and downward on the scale until the values 
are fixed beyond doubt and the readings of our instrument 
agree with the reading.s of the standard at every point. A 
carefully and skillfully constructed instrument as described, 
when adjiLsted and calibrated in this manner, will indicate 
very slight differences in potential from o to 125 volts. 

It now remains to case the instrument to keep out dust 
and tlirt, aiul to .screw it to a heuv}’’, firm back board, to- 
gether witli the necessary switches, lamps and cut-outs. 
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\ ■ leaving- room to the right for its sister indicator, the am- 
. meter, which we will now take up for construction. The 
•ammeter which is illustrated in its completed state in Fig. 210 
is much simpler in construction and operation than the volt- 
meter, and with the first instrument complete, the work on 
the ammeter can be carried on with comparative ease. The 
foundation of the ammeter consists of a brass plate ■§• inch 
thick by 4^ inches in width and 6| inches in height. To 
this firm bed-plate is attached the solenoid, T, and the mova- 
ble iron tongue, U, supported by pivots in the brass frame, 
V. The solenoid is made by winding insulated wire of large 
gage on a brass spool which is attached to the back plate by 
means of bolts soldered to the top and bottom of the flanges. 
Fig. 217 will make the method of attaching clear, which gives 
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Design of Spool for Ammeter Position of Movable Tongue in 

Solenoid. Relation to Spool. 


also the dimensions of the spool. The center portion simply 
consists of a thin brass tube, upon which are soldered two 
turned rings of the same material, giving us a spool with ^ 
inch flanges. 

It is to these rings or flanges that the little bolts are sol- 
dered, furnishing a most convenient way of holding the spool 
rigidly against the back plate indicated in dotted lines at W. 
The soft iron tongue must now be made, which, with its 
pointer, constitutes the movable portion of the instrument. 
Fig. 218 illustrates the exact form of this tongue and its rela- 
tion to the inside of the spool, which is drawn in section, the 
two extreme positions of the tongue being shown at X and Y 
respectively. This tongue must be built up from several 
thicknesses of soft Russian iron, thoroughly annealed. Be- 
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fore describing the method of inakinj^, a few lvorcte«j^ard- 1 
ing' the exact pattern of llie toni^iie arc nedessarfe I'hisC 
tong-ue miust enter the solei\oid as illiistrate<|- in' it« 
and occupy its center Avlieii at the extreme wli-r^- 

cated 1,11 dotted lines at i . | •| ^ "• . 

In order to jj^et this movement without fhejlhii'^in^and ' 
spfiol coinin|j^ in contact, the tonj^uc mustn)c|) yf pe^iliar' ■ 
sha])e, and Fi^. 219 lias been prciiared to enable tliVi^^yXider to . 


X * l.l' ' "^ir 

exactly reproduce it. Here we have simi)l3dtiyo eliiterj, one 
on tlie liorizontal line, A H, about whicli a cfrclc^ i^fcsmdbed 
with a 14 inch radius, and one on the ()bli(pi.|^!lii^c,^H'),^bout 
which a set'ond circle is described, but with^'fft ’ 


I'he angle formed at the intersection of 

and tlie distance apart of the two centers (^ithe^Biqne li ro 
is t of an inch. By following the.se measu^peiiTS'with cig 
one cannot go aslray in cutting a pattern f|^,0ie tongue. 
sulTicient number of thin iron slieets musfclbe^ait accuratM^ 
to the pattern with shears to make a tongue about i inch 
tliick when laid together. 

The different thickne.sses are held firmly packed by tiny 
liolts and nuts, as shown in the edge view in I'ig. 210, and in 
the front view at Z is to be seen a little bolt liead answering 
the double purpose of clamping the ends together and of 
affording means for balancing the tongue and pointer. It 
will be readily seen that a small mass of lead can l>c attached 
here without making contact with the.s])ool wlien the tongue 
is drawn into it. The little bolt must be of iron in thi.s case 
to replace the iron which has been removed from the tongue 
in drilling the hole, in order tliat tlie gradually increasing 
mass of the metal shall not be diiniiushcd slightly at this 
|K)int. The head of the bolt must be thinned down with a 
file, and the screw end must be provided with a brass nut in 
order not to increase the mass of iron at this point. In this 
way we have drilled out a portion of tlie tongue and replaced 
the iron very accurately, affording means for clamping un- 
der the nut little lead svashers. 

The pivot.s in the ainmeter consist simply of a piece of the 
steel as used for the pivots of the voltmeter, cut to length 
and turned olT witli a little cone at each end. 1 he pivot 
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shank is forced into a hole drilled for it in the ((W^ue and 
securely soldered in place, exercising;' t he ^realest I'are tt)|;et 
it in perpendicular to the plane <>( tl\esur(aee of the tou|;ue. 
This, of course, is f^rcatl}* siin]:)liried if the ludc* in (hetongue 
has been drilled in with the drill perpendicular to be^in 
with. Wc can now devote our attcuilion to the brass fi’ame 
which is illustrated in Fi^^ 220, toj^ether with diinensituis. 
I'his is vSawn fiann plate brass similar to tluit used for the 
frame of the voltmeter, beinj; simj>ler to make, as the hartl- 
ened steel block, F, is soldered in a tmttinj; in the brass of 
the frame direct, as there is no need of iiisulatini; the pivot 
in the present case. We have* at the ri^ht a screw. !■*, locked 
in place by the same kind of nut.s. All the precautions of 
turning the cones with a smaller tingle at the apes than tlu; 
angle formed at the apex of the sunken ccjue by the cutter’s 
of the twist drill, in cutting the seal in the little .steel block, 
must be exercised here again, and e<pial attention must be 
given to the most careful adjustment. 
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I)tmeti«lon8 of Frame for .Hui 
peimtuf» of Moving Parts, 


Before winding the spool with its wire, we must pul lire 
instrument together and [rrovidcit with it.s scale anti pointer 
and the insulating blocks of hard rubber for tire binding 
screws as illustrated. The scale, whicii is exactly like* that 
of the voltmeter, is mounted upon a couple tjf little brass ettb 
umns 1 1 inches in height, in tmler that the plarreirf the scale 
and pointer shall be the same in both instruments, whit T 
adairts them to similar cases with the same si,Ked scale ojjeu. 
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ing-s. The upper portion of the brass frame, V, in Fig. 210 
must be placed ^ inch from the top of the brass back plate, as 
in the case of the voltmeter, and the pointer of the movable 
tongue must sweep with a 4 ^ inch radius, measuring, of 
course, from the points of the pivot. This measurement 
immediately regulates tlie scale adjustment, which will be 
found to match tlu; scale of the voltmeter nicely when the 
iustruments are filaced in cases. 

Having placed the brass frame carefully on the center 
line and bolted it witli its movable tongue securely to the 
brass back plate, the spool must be mounted accurately in 
the relative position to the tongue as given in Fig. 210. This 
will put everything in working order, mechanically speak- 
ing, recpiiring now our attention to the electrical side of the 
(piestion, which consists in choosing and winding on the 
spool the pro[)er amount of wire. This is a very simple 
problem, and should be worked out experimentally after the 
wire is chosen. Let us take for exami)le the case where the 
ammeter is wished to indicate between 0 and 15 aiupei'cs. 
We must consult a wire table and learn the sized wire pos- 
sessing this cari'yiug capacity. No. 10 has a capacity of 16 
anpieres, and consequently is able to remain in circuit con- 
tinuously with 15 amperes flowing. The brass spool is 
wound witli an even layer of this wire, experimentally, and 
the ends brought out for connection with a standard am- 
meter, whicli, of course, is included directly in series. The 
free ends are now run to the current supply and included in 
serie.s witii that too, but through rheostats or water boxes. 

The instruments are mounted together, and the pointer 
on our ainmetcr i.s balanced to the o reading. The current 
is admitted slowly by immersing the plate into the salt water 
of the rheostat until the standard indicates 15 amperes. 
Where will the ■[)ointcr on our instrument be? If we hap- 
pen to have too many turns of wire on the brass spool, the 
[jointer will go off the scale ; if we have not enough tuniH 
wound on, the pointer will not reach the cjid mark. It will 
ntjw he readily seen that it remains to take wire off or to pul 
more on, according to the bcluivdorof the jaolntcr regarding 
the range of the scale with which it is intended to work. By 
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a little experimentation we can g'ct just cnoug'h wire (ui tlic 
spool to hold the pointer;it the scale limit or 15 ampt'i es, toi 
which we are dcsig'ning’ the instrument, when tlu' standard 
which is in direct series, and conscciuently reeeivini^; the 
same current flow, also indicates 15 amperes. 

It will also be readily seen that tlu' ammeter emn he made 
to indicate higher values by simply windiiifjf the spool witli 
heavier wire and rimninj^' through the same experiment. ( )f 
course, if a water rheostat is not at hand, the two instru» 
ments can be simply included in scries witli a ft'eder supply- 
ing incandescent lamps and the instruments “ loaiied witli 
current” by turning on lainjis until the standai’d indicates 
the maximum amperes for which wc arc adai>tiug our am- 
meter. For the points intermediate on tlu* scale it is a very 
simple matter to gradually cut out lamps and make readings 
on the scale under calibration, when the standard indicates 
even ampere values between the limits. I he curremt should 
be increased and decreased a number of times and the points 
ers caused to travel back and forth over tin* scales as in the 
case of the voltmeter. Both ammeter and voltmeter shuultl 
now be provided with little stops for the pointers tt> prevent 
them from getting off the scale when they are ready for can- 
ing. The cases, for appearance, .sliould lie exactly similar 
and be provided vidtli little lock doors and glass over the 
scale openings. The bottom portion of the cases slnndd 
mount additional pairs of binding posts, which are inteiuled 
for connection with the switchboard, taking all strain from 
the little screws within the instrument. Botli instruments 
will be found extremely useful for switchlioartl use, their 
delicacy, sensitiveness and accuracy depending, of course,, 
upon the skill of the maker. 

THE WKHNELT INTERRUPTER FOR INOUCTION CCIU.H, 

The X rays and wireless telegraphy have opened np a 
wider domain for the applications of the MasHonaml Ruhm- 
korff induction coil, the use of which up to present years him 
been limited to laboratory experiment.s and to the ignition 
of explosive mixtures in ga.^ rnotons. 
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But. the fact must be admitted that, in all the apiiaratus 
hitherto constructed, tlie interru[)tcr has ‘ been tlic weak 
point, it having* often proved inackapiate to draw from the 
coil the power and the maxiinum tension that the apparatus 
was capable of giving. It is well known, in fact, that the 
object of the interrui)ter is to convert into an interrupted 
current the continuous one that would traverse tlie iirimary 
wire of the coil, if such an apparatus were not used. Num- 
erous mechanical systems have been (levise{l for obtaining 
frecjiient and rapid interruptions, and among these may be 
inenlioned tremblers. Unfortunately, tremblers giving fre- 
<iuent interruptions do not produce rapid ones, and lho.se 
thatiiroduce rapid ones do not furni.sh them with suHicient 
freciuency. In sucli cases the coil is not well utilizcal, since 
the interruption of slight rai)idily reduces the vsecondary 
tension, and that of slight frecpiency allows a relatively 
lengthy period of time to elai)sc between the successive 
sparks. 

Such inconveniences have made themselves pai'dcularly 
felt in radiography through an increase in the lime of ex- 
posure, and ill raclioscoiiy through furnishing macled images 
upon the lluoresccnt screen. So manufacturers and radiog- 
rapher.s were putting their wits to work to devise some me- 
chanical arrangement or other to remedy such inconven- 
iences, when Dr. A. Wchnelt, a scientist of Charlotteuburg, 
Oermanv, in inventing the electrolytic interrupter to which 
his name will henceforward remain attached, gave investi- 
li^ators an ideally simiile and jiractical apparatus which is 
destined rapidly to supplant all others. 

Fig. 22 1 represent.s two very simple forms of this intcr- 
rui>ter. Into a glass vessel containing acidulated water of 
ii <len.sity of from i.i to 1.2 degrees enter a plate of lead con- 
nected with the negative pole of the electric source and a 
glass tube tilled with mercury, to the extremity of which is 
.solderetl a platinum wiretliat projects a few millimeters from 
the liottom. The mercury is connected with the positive 
pole of tlu 5 source by means of a copper wire that enters it; 
juul in tlie circuit tluis formed is interposed the iirimary cir- 
cuit of an induction coil (the trembler of which has pre- 
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viously been prevented from operating) and an interrupter 
for opening or closing the circuit. 

In another arrangement (represented to the right in 
Fig. 22 1 ) the plate of lead is replaced by a bath of mercury a 
few millimeters in thickness into which enters an insulated 
copper wire bared at its extremities in order to form a con- 
tact with the mercury and a terminal. The tube may be 
straight or may contain one or two bends (in order that the 
platinum point maybe directed upwardly) without the ope- 
ration of the interrupter being modified by such arrange- 
ments. The source with which the coil is connected may 
be a battery, a series of accumulators or a sector with con- 
tinuous or alternating currents. The difference of potential 
may vary between 20 and 120 volts (our experiments have 
not gone beyond that) without the interrupter ceasing to 
work, provideTthat, between the self-induction of the prim- 
ary circuit of the coil, the length and diameter of the plat- 
inum wire and the electromotive force of the source, there 
be certain relations of which the numerical values are as yet 
fixed only by tentatives. 

When the proportions ars well established, we observe, 
as soon as the circuit is closed, a violaceous halo around the 
platinum w.ire, hear a sharp strident noise proceeding from 
the interrupter, and witness an abundant disengagement of 
gas in the electrolytic liquid and a true torrent of flames be- 
tween the extremities of the secondary wire. In blowing 
upon this flame, which is hot enough to ignite paper, the 
spark becomes stratified, thus showing that the phenomenon 
is not continuous, and 'that the flame is made up of a series 
of frequent sparks that dart into the air heated by the pre- 
vious ones. 

By way of illustration, we may say that in some experi- 
ments made at the laboratory of electricity of the School of 
Physics and Industrial Chemistry of the city of Paris, M. 
Hospitalier employed what is called a “6 cm. spark” Car- 
pentier coil and obtained therewith sparks of a length of 1 5 
and even 18 cm. with a frequency which, estimated by a re- 
volving mirror, varied between 1,400 and 1,500 a second. 
The primary circuit was supplied by a battery of 5oaccumu- 
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lators mounted in t emsion, and the platiniuii wire was 0.8 
mm. in diameter and i)r()jcctGd 8 or 10 mm. from the ^lass 
tube. 

The same Wehnelt tube was used by M. Ilospitalicr for 
reproducing' some cKperiments with currents of great fre- 
(piency by means of Dr. d’Arsouvars greatly simplified ar- 
rangement shown in Fig, 222. Here the condensers are 
formed of two Saint Galmier bottles nearly full of water and 
the surface of whicli is covered with tin foil for about a third 
of the height. 

A simple copper wire wound into a spiral causes the 
water to communicate electrically with the secondary cir_ 
cuit of the coil. The explosive distance of the oscillating 
discharge is regulated by moving the bottles, the corks of 
which support two horizontal bra.ss rods 3 mm. in diameter. 
The circuit of great freciuency is formed of a solenoid of 
copper wire from 5 to 6 mm, in diameter resting upon sheets 
of tin foil prolonged under the bottle, the whole being placed 
upon an insulating table or upon a plate of gla.ss. All the 
exiieriments of Tesla and d'Arsonval may be simply and 
effectively reiiroduced with a coil which would pnjvc inaclc- 
(puite with all tlic tremblers known. 

We advise those of our readers wlio would like to repeat 
these very simple e.'cperimcnts to use as large a vessel as 
possible for llic interrupter, in order to jirevent a too rapid 
lieating of the liquid, unle.ss they have it in their power to 
cool the latter by a circulation of water. 

The olqect of the mercury in the Wehnelt tube is to cool 
the platinum through conductivity by increasing its surface 
of contact. The same result may be obtained by soldering 
the platinum to a coarse co{)per wire in.sidated through its 
entire length. For feeble current and small coils the plat- 
inum rods of discarded incandescent lamj)S constitute a capi- 
tal positive pole for the Wehnelt interrupter. 

We shall not undertake to give an explunutioq of the 
theoretic operation of this curious apparatii.s, a j)oint upon 
which opinioms arc very much divided. Kxpcriincut has 
provetl that the interrupter wall not operate any longer if 
the .sclfdnduction of the circuit be inadequate, and that the 
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frequency diminishes with the 
increases with the tension of 


increase of self-induction and 
the current. We have here, 



therefore, a very complex phenomenon in which the con- 
denser of variable capacity (formed of the gaseous envelope 



'I'llK IIRISSON ('URRKNT TRANSFORMERS. 


SOS 

that surrounds the positive electrode) and the self-induction 
of the circuit play the leading parts. The heating ot the 
wire has no direct action, as was at first thought, since, when 
the self-induction of the circuit is too feeble, the platinum 
wire reddens and remains red, while the current has merely 
a vt'ry feeble intensity and keejis at a constant one. 

It remains for us to .say merely a word as to the present 
and future applications of the Wchnclt interrupter. We 
already sec that tliey will be numerous, aside from labora- 
tory experiments and lecture courses. Radiography and 
radioscopy are now using tlic apparatus for reducing the 
time of expo.sure and giving a remarkable stabilitv to the 
images upon the lluorcsccnt screen. Wireless telegraphy 
will not fail to utili^'C the greatest frequencies that the sys- 
tem permits of obtaining. Gas motors, and particularly 
water-gas motors, in wliich ignition is diflpicuU, will, through 
the use of it, have a hot spark that will surely prevent any 
failure to ignite. 

'rids interrupter will iiermit of forming a very simple 
and practical electric soldering apparatus which city clock- 
makers and jewelers may easily use by connecting an appro- 
priate transformer with the circuits that distribute electric 
energy. Phyvsiclans will have the same resource at their 
dispo.sal f<ir their Crookes tubes without being obliged to 
have recourse to a transformer or to accumulators. 

Should it become possible to illuminate vacuum tubes oc- 
casionally for producing cold light, the Wehnclt interrupter 
will suggest itself for the production of the frequency neces- 
sary for this method of lighting. 

Other applications will be found, since the (luestion is a 
new one, and no one knew the Wehnelt interrupter a short 
time ago. 

For the above particulars and the illustrations, we arc in- 
ilebted to La Nature. 

TIIK tmiSHON CONTINUOUS-ALTERNATING CURRENT 
TRANSFORMERS. 

BY A. FREUKRICK COLLINS. 

The (General Fdectric Company of Berlin has recently 
pined on the market a substitute for the electrolytic and 
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turbine interrii])t.crs in the form of the Grisson continiious- 
allcrniitini;^ current transformer, shown in the engraving’ 
and di:igrani. This apparatus changes a direct continuous 
current into a pure alternating current, hence its name. Its 

Fkj. 224 
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Diagram of Translormor. 

tir frequency of altcrnatioii may be varied from 
per minute, and, though this is less than in the 
and turbine forms, currents of any amperage 
ly em|)loycd. Different from other interrupters, 
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in the Grissou irunsfornier there is mi iiiU'rniptiim <*! the 
current at the niaxinuun value, uiul c‘«mse(iueiitl\ tlien* is 
particular!}' no s})arkinf^ of the brush. B®, at I M 1 he 
use of Iieavv currents for feeding’ the inductor is thus made 
possible, besides reducing the sixe of the comlcmser in 
shunt with the interrupter, if not dispensing witii it eti 
tirely. 

Referring to the diagram, h'ig. 224 , it will he ohserveil that 
in the dcvelopinent tif this system the induettir or primal} 
coil, (the secondary coil anti iron etu’e are not 

shown) has besides its principal terminal, which is taminmn 
to all induction coils and transformers, a leatiing in wire, 1.. 
joined to the middle convolution of the inductor at l*h 
'Fhe terminals, L and IB, are eonneetetl dirtHtl} fo tlu- 
source of energy. By means of a shunt from the h a«lH, 1, 
and L^, current is sipiplicd to the small motor, M, of winch 
C is the commutator and R a varitdtle resisfanee, whet eh} 
the s[)cecl of the rotating transformer or eonlaet disks, 
UUJ®, may be varied betweeti comparatively u ide limits. 

The main current from Id is dividi*d at the bruslt. 
on U^U^, which alternately makeand break (ont.u t on the 
commutator vseginent of the contact disks; these disks, 
IBU®, arc fastened on a ctmnmm shaft, but are isolated one 
from the other and send forth two continuous tttrrtatt^ 
from the leads, and B® ; the Innish, B^, on the opposite 
side slides interchangeably on the /amt //a or thin lavris uf 
IB ITS, or temporarily unites them, as the ease ma\ hr. *l*he 
vSlu^t iipou w'hich the contact disks are keyetl Is fitted with 
a pulley and is driven by the motor, M, hrlteil t»» it. 

The principle of the Grisson transformer will mov be 
easily understood. The current i.s transmitted to flie in 
ductor, /V®, directly from the contimious flow for the 
length of time the brush, B», rests on the metal srgmeni 
and the insulating segment of the contact disks, and the i ir 
cuit, including the source of energy and the indm t ot , i\ 
thus dosed, and the maximum value of the riirreitt k ilimr 
fore effectual ; but the instant this critical value i** rraelird, 
the contact disks will have reversed the flow of t nrrrni and 
/I and/8 is cut off. As both portions tif the iiidtn tor iiavr 


a coiiuiiou iron core, i. c., the same core, and are mag- 
netized in opi)ositc sense, a counter-electromotive force is 
pi'oduced by means of isolating the current, in the 

lirst current circuit when the primary current strength is 
lessened, and as the beginning of one segment approaches 
and the other leaves the brush, B®, the value of the current 
is brought to o. 

At the moment the first circuit is interrupted, the cur- 
rent ([uickly reaches a critical maximum value in p^p^- 
This is accom])lished by the automatic closing of one or the 
other circuit, or both, at the same time by the contact disks, 
which, as the illustrations show, are arranged like a con- 
tinuous-current dyuamc) commutator, except that the metal 
segments are insulated by insulating segments of equal 
peripheral width instead of thin sheets of mica. 

'I'hc Cicneral Electric Company (Berlin) recommend 
this type of transformer especially for their standard station 
wirele.ss telegraphy sets and the equipments they supply 
for armored war vessels. 

CENTRAL KNKUeV TKLEl’IIONK SYSTEM. 

IlY (r. SCLWIN TAIT. 

The tclc[)honc system now in all our large cities is 
designated as the “ common battery” or “central energy ” 
system, these titles having arisen from the fact that the bat- 
teries that formerly formed part of each subscriber’s instru- 
ment are now under the system located at the main office, 
or “ Central,” in the form of storage batteries, supplied with 
current from dynamos ; and this and other changes inci- 
dental thereto have practically confined all “troubles” to 
the “ Central” office, where they can be quickly remedied. 

The “ common battery system ” embodies several im- 
portant improvements as well as radical changes in the ap- 
paratus employed, and the chart herewith shows the general 
principle of the system now in u^e by the largest com- 
panies. 

A and B represent two stations on one section of 
a switchboard. In station A the circuits are as follows*- 
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A “call” from “Central” (altcrnatiuK current i fUuvs 
wire, 2, tbrou^-h bell, 3, rin^nng same, thnm^^lt the coiulenser 
4, to line, I, and thence back to “ Central.” 'rim prinuuy cur« 
rent forthe transmitter comes from “ Central aloiii^’ wire, 2, 
to hook, 5, whicli hook wdien raised by removal ‘>J i'eeeivc*r, 
7, makes contact with wire, t\ from whence the current 


Fit!, isai; 



floWvS through primary winding, K, «if induction cf»ih through 
transmitter, 9, and to line wire, i, and along that to “tVntnil” 
The secondary talking circuit, which is of an niiernating 
quality, flows from “ Central ” over line wire, 2 , to hook. $ to 
©ontact, 10, to receiver, 7, secondary winding, n,iif coil, 
through condenser, 4, line, i, buck tc» “Central;’ 
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When the subscriber wishes to call “ Central ” he removes 
his receiver, 7, from tlic hook, 5; this closes the circuit from 
battery, 12, throujj^h signal lamp, 13, illuminating same, and 
thereby notifying the operator of the call, then to and along 
armature, 14, of double rela}’, 16, through contact, z, to line 
wire, 2, thence through hook, 5, contact, 6, primary winding 
transmitter, y, wire, i, contact, sb armature, 15, of double 
relay, 16, to ground, R, to other side of battery, 12. 

Tlie ]igl\t, 13, is now illuminated, and the operator seeing 
same inserts a i)lug, it, h, c, into the jack, d, r, /. As can be 
seen in the drawing, the ti[), <t, of the plug makes contact 
with tlie s[)nug, d, of tlie jack, the sleeve, c, makes contact 
with the test-thimble,/, and the sleeve, b, makes contact 
willi spring, r. The current from battery, 17, now flows 
through test-thimble, /, and wire from same to winding of 
doul)lt‘ relay, 16, and from thence to ground, R, and to other 
side of battery, 17. Relay, 16, now attracts its armatures, 
14 and IS, thereby opening both sides of the line at the con- 
tacts, z and .srb and cxting'uisbing lamp-signal, 13. 

Station A would now be without primary current, as 
battery, 12, is cut off by relay, 16, so to suppl^^ this need the 
battery, ih, connected to the centers of the two j-epcating 
coils, 19 and 20, sends its current to the two sides of the 
cord circuit, 21 and 22, and from thence through plug, a, b, 
and jack, d, e, to subscriber's instrument as described. 

it represents the listening-key by means of wdiich 
the operator at ** Central” connects her talking circuits, S, 
to the line through repeating coil, 11 , and K is the 
ringing-key by means of which central switches on the 
ringing current from generator, L, when calling a sub- 
scriber. M, N represent the two sides of the other end 
(jf the cord-circuit, 21, 22, and they terminate in a plug 
similar to a, l>, r, by which connection can be made with the 
jack of the station dasired b}’' station A. 

I'(ir greater clearness tlie supervisory lamps and relays 
of the cord-circuit have been omitted, but in practice it is 
so arranged that when either or both of the conversing sub- 
scribers liung up tlu’ir respective receivers a siqiervisor}' lamp 
is lighted, which is a signal for “ Central” to disconnect, and 
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obviates the necessity of her cutting in unci inciuiriug il tfiey 
are “through.” In addition to this, means are provided for 
a “ busy ” signal, which notifies “Central” when she is on 
a line already in use. It is also found desirable in praetiee 
to substitute a lamp-relay for the lamp, 13, which relay sup- 
plies current from a special battery to operate said lamp, 
13, thereby overcoming the ill effeets of unevem voltage 
obtained when the line is in series with the lamp. 

THE COLLINS WIRELESS TELEPHONE, 
nv A. KRKnnroeK eoiauNS. 

In making some tests in iKyy I found a method by winch 
the disadvantages of the very rapid oscillations .st*t up by a 
disruptive discharge in free air, such as the spark of a Ruhno 
korff coil produces, and without resorting to the loading of 
the oscillating circuit with artificial capaeitie.s ami induct, 
ances. This was accomplished liy permitting the dischurgt' 
to take place in the earth instead of the air. To render this 
process clearer, let us employ, not only as a mere analogue, 
but as a similar proposition, the fact that electric o.Hcillations 
emit electric waves, just as an electrically charged vibrating 
atom sends forth waves which are likewise t>f electromag- 
netic origin found by the polarization of the ether, liven 
alternating currents of comparatively low frei|uency of a few 
thousand per second will emit long electrical waves in space, 
as Guarini has shown in his experiment.s in w’ireless trans- 
mission between Antwerp anti Brussels, ’riie length ttf the 
waves depends on the periodicity of the tiscillutlous, the t»- 
cillations on the inductance, capacity and resistance t»l the 
circuit, and these in turn on the constants of the ether. 

The comstants of the ether are its elasticity and its den- 
sity. The elasticity of the ether is not known absolutely, 
but is measured by its reciprocal or dielectric constant, 
which is the ether modified by its relations with gross mat- 
ter, and is called its specific inductive capacity, Rther, 
when in close proximity with gross matter, apparently as. 
sumes a greater density than in vacuo or free air, however 
paradoxical it may seem ; it is now well known that it is not 
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the conductor or wire joining an electrical circuit which 
conducts tlic electricity, but the tube of ether including the 
wire. I he atoms of which the earth is composed arc like- 
wise permeated with the ether to a much greater extent than 
the atoms of gases forming the air. To this condition Tesla 
has given the name of hound etlier. Similarly as mediums 
of greater densities transmit sound waves to greater dis- 
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Diagram of Wireless Telephone. 

tances than mediums of lesser densities, so the bound ether 
of the earth will propagate electric waves of proper length 
to greater distances than that of the ether-bound air. As an 
illustration, in the case of sound waves, if a bell is struck in 
free air it can be heard at a distance of a mile ; it could be 
heard at a distance of twelve miles if struck under water, for 
water has a density twelve times that of air ; now, when a 
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direction, but it has been found possible to reflect thcsn and 
so make them unidirectional within certain limits. Fig, jj; 
shows photographically the wireless telephtme transmitter 
the author devised for field work. Fig. 226 is a iliagrarn. 
made drawing of the system. 

Referring to Fig. 226, A is a transmitter and B the re» 
ceiver. The primary coil is shov¥n at i and is in m^ricts with 
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rapidly alternating current of high potential is discharged 
into the earth and there allowed to restore the e(|uilibrium, 
electric waves arc emitted and propagated through the earth; 
the length of the waves is determined by the fretpieney of 
alternation, and the distance of propagation will depend upon 
the density of the incdinm. 

These waves arc, of course, normally radiated in every 

Fuj. 337. 
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the battery, 2, and the key, 3. One terminal of the secondary 
wiiidinj^, 4, is connected with a special f(3rni of transmitter, 
•6, and this to a larj^c capacity, 7 The opposite terminal of 
the induction coil is eartlu'd at 8, and bridged across the ter- 
minal of the secondary is the condenser, 9. 10 is a “ variator,” 
whicli will be ag'ain referred to. The receiver is quite simple 
and consists essentially of a transformer coil, i, a telephone 
receiver, 2, and a battery, 3 ; the condenser, 4, of large and 
equal caqiacity to that employed in the transmitter, and 5 the 
•earthed terminal. 

The action of the instruments is as follows: VV hen the 
key, 3, closes the primary circuit the current is automatic- 
ally varied by a special device, 10, which takes the place of 
the ordinary iutenTqiter; this produces alternation in the 
secondary coil, 5, giving rise to high potentials at the termi- 
nals, 7 and 8. This potential difference is, however, modified 
by the transmitter, 6, The surging of the alternating cur- 
rents througli the circuit formed by 7 and 8 emits waves 
princijially at 8, and these traveling with the speed of all 
other cdectromagnetic waves reach the earth plate, 5, and, 
Finding an ether path of greater density surrounding the cir- 
cuit, 4 and 5, traverse that circuit in preference to passing 
•onward througli the earth, since the former offers the least 
resistance. This sets up alternating currents in the trans- 
former coil, 1, and these are impressed on the telephone re- 
ceiver, 2. The capacity areas, 4 and 7, should be large and 
■of special construction to .secure the best effects. The ca- 
pacities, 4 and 7, are not elevated, and the larger the capaci-' 
ties the greater the distance over which articulate speech 
may be carried without wires. 

Both the transmitter and receiver are mounted on tri- 
pods, providing the operators with testing apparatus' almost 
as portable as a camera. The tests, from the incipiency 
of the idea of wireless telephony, have been made at 
Narberth, Fa., where the conditions were all that could be 
•desired. In 1899 speech was transmitted by this system a 
distance of 200 feet; in 1900 a mile was covered, when with 
the equipment shown in the engravings articulate speech 
•was transmitted across the Delaware River at Philadelphia ; 
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and in 1902, with the instrunicnls platH'd tni hills st'paralt'd 
by a railroad, valleys, wooded lauds aiul nuiuerous sirt'arus, 
a clLstance of three niiles was attained. 1 hi' results ha\ i* 
shown the possible commercial value ol this system ot wii'e. 
less telephony. 

P( )LYPIIASK ( :KN KRATOKS. 

)IV AW'ON 1). ADAMS, 

Alternating' currents are developed in the armature 
windings of all drum or ring-wound dytuimos. Moreover, 
these alternating currents in tlie wiiulings of any armature 
are polyphase rather than single-i)hase. A little considera- 
tion of the nature of alternating (lynamos will render these 
facts evident. Any alternating current, as the name 
indicates, changes its direction of (low along a comluetor 
at stated intervals. Tlie current, in cither direction, .slarts 
from zero, rises gradually to its maximum, and then 
declines gradually to zero again. Next follows a gratlna! 
rise of current in the direction opposite to that in which tht* 
flow has just taken place, a maxirmim rate and then a 
decline to zero, as before. When tin alternating current 
has completed the variations just described, that is, has 
started from zero, reached a maximum in one ilirectirm, 
returned to zero again, and then |)erformed a like variation 
in the opposite direction, it is said to have pansetl through 
a complete cycle or period. The number of alternations 
or changes in the direction of flow for any current Is evi- 
dently twice as great as its number of periods duritig any 
unit of time, since the current must change twice in direc- 
tion to complete a period. The way in which an alternat- 
ing current changes while passing from zero through its 
maximum and to zero again, may be illustrated by a curve. 
Such a curve will have any one of a variety of sha|)eii 


the most usual sorts of alternating current may lie vi-ry 
nearly represented by a sine curve, as shown in Fig. 

This is called a sine curve, because successive points on It 
correspond in their distances from the horizontal line to 
the values of the sines of angles from zero tti jfc tlegreci, 
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in a circle whose radius ecjuals the distance of tlie highest 
and lowest points on the tairve from the central, horizontal 
line. Inspection of the hgnre will show that for every 
point on the (|uarler of the sine curve 'above that ])oii'ion of 
the horizontal line between the points marked o and 90, 
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Tluj Si no Curve. 

tliere is a corresponding point on the lirst 90 degrees of 
the circle, and so on for the other three-([uartcra {)f the 
sine curve. Aliernating currents are usually produced by 
clynainos, but they may be readily set up in any conductor 
by the operation of suitable switching devices that connect 
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Alternating Current from Battery. 

vgith a chemical battery or other source of direct current. 
In Fig. 229 the conductor, N S, is arranged in a north 
and south direction, and a compass needle, A, is freely 
mounted over it. When there is a current flowing in the 
conductor from the battery, B, through switches, in and /, 
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the black point of the needle will be dcllected to some point 
as .V or and held there while the current remains steady. 
If the current from the battery, ll,\s caused to pass throu|^h 
the conductor, N S, in alternate directions, by rever.sin|>: 
the connections through the switches, / and the black 
point of the needle will move alternately to the positions, j 
and y. The conductor, N S, will thus have an alternating 
current set up in it from a source of purely direct current. 

If an ordinary drum armature willi a single coil winding 





(«) Direct Current. HiiiijKlr.i*tw»r. 

Diaurrammatic Direct Current and Allernau»r« n( Piffrrrni 


have this winding connected to a t\vo»part com mutator, thr 
armature will yield a direct but intermittent current when 
revolved in a bipolar magnet frame. 

Such an armature, with a single turn to its mil, is illus- 
trated in Fig. 230«. The current flowing in n circuit lam- 
nected to this armature may be represented by the curve in 
231, between the points marked o and fm, lliis curve 
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corresponds to the (low of current that results from one 
complete revolution of the armature, and is laid out from 
the semicircle at the left in a way similar to that in which 
the curve of Fig. 22cS was constructed. The two halves of 
the current cui-ve in Fig. 231 must be constructed to corre- 
si)ond with points on a half-circle, instead of points on an 
entire circle, as in Fig. 228, because the commutator delivers 
current to the brushes and the connected circuit in only one 
direction, though this current flows through the armature 
windings in alternate directions. If, instead of the two-part 
commutator, an armature winding is provided with a com- 
mutator of twenty-four or more parts, the current delivered 
at the brushes will he nearly uniform in volume, as well as 
constant in its direction of flow. The same drum armature 

Jha. 231. 
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illustrated in Fig. 230^ is again shown in Fig. 230^, except 
tliat in 1 ) the two-part commutator has been replaced by 
t wo plain copper rings, and these rings are connected to 
the single coil exactly as was the commutator. In other 
wordvS, one of the copper rings is connected to the armature 
winding at any de.sircd pointy and the connection for the 
other copper ring joins the other end of the armature wind- 
ing. When the armature with these collecting rings, as 
they arc called, i.s revolved in its bipolar magnet frame, the 
current delivered to the brushes in contact with the rings, 
and to tlie connected circuit, will be a siugle-phasc alternat- 
ing current, and may be represented by the sine curve in 
F'ig. 228. It is now well tf) consider the reason that causes 
tlie direct current from the armature with a two-part com- 
imutator in Fig. 230^?, and also the current from the armature 
with tlie two collector rings in Fig. 230^, to correspond in 
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volume at any instant with some ])oint on the sine eurvt' in 
Fig. 228, or in Fig. 231, respectively. 

Each turn or incluctor on either of the drum armatures 
is subject to a like influence during a complete revolution. 
It will, therefore, be suiricient to consider a single turn or' 
incluctor. For this purpose take the inductor that is df. 
rcctly connected to the toj) half of the two-part commutator 
in Fig. 230c?. This inductor is exactly midway betwc'cn the 
two magnet poles, and, assuming it to be in moti<»n, there 
is no clectroiiiotive force being developed in it at the in- 
stant, hence it cannot act as a source ol current. As tlu* 
electromotive force dcvelo])ed in any iniiurtor depends di- 
reclly on the rate at which it is {rassing a magnet pole, other 
factors remaining constant, the iiiduetor, when at the posi 
tioii stiovvniiiFig. 2 $ca, has no eleetr'omoti\ e lor t'e developetl 
in it, becauvse at the instant it is not passing either magnet 
pole. If the armature in this figure is revolving in the* same 
direction as the hands of a clock, the iudui'tor will begin 
to jiass the N magnet pole as soon as it leaves the position 
midway between tlie poles. The rate at whicli the imlnetor 
is jiassing the N pole at any instant will var\ as the sine of 
the angle of the arc througli whicli it has moved fmm the 
position shown in Fig. 2 ^o<i. This sine will reatii its maxi- 
mum value when the inductor has revolved thnmgh »>> 
degrees, and is, therefore, just opposite the center of the 
magnet pole. At this position of the inductor, the electro- 
motive force developed in it, and the consetpient How of 
current, corresponds to the highest point on the first half 
of the sine curve in Fig. 231. As the inductor moves to 
its lowest position, the electromotive force developed in It, 
and the resulting current, gradually drop to «‘ro ihrough 
the values indicated by the sine curve of log. 231, between 
90 and 180 degrees. In the remaining tKti degrees, retpiired 
to complete one revolution of the imluctor, the eieetromotive 
forces and resulting current developed will eorresptmii in 
amounts to the distance.^ of points on the sine curve 
between 180 and afxD degrees, from tlie hori/ontid line itt 
Fig. 231. The multiplication of inductors on the dniin 
armature changes the total amount but not tfic nature of the 
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•elcctroiiiolivc lorccs clcveli)pcc.l in any one inductor, so that 
the sine curve of h'ijj;'. 231 represents the results as to current 
variations for a drum winding of any number of turns and a 
two-part commutator. Now the only effect of the commu- 
tator on the delivered electromotive forces and currents is 
to give them a single direction in the external circuit; 
hence it follows that, when the commutator is replaced by 
the contact rings, tlie current will be delivered in the same 
direction that it lias in the armature at any instant, and the 
results may be indicated by the sine curve in Fig. 228. In 
Fig. 228 the sine curve is one-half above and one-half below 
the horizontal line, becau.se each inductor has developed in 
it an electromotive force in opposite directions, according 
to the pole ])ast which it is moving. Any alternating gen- 
erator that delivers currents that may all be represented, 
at any moment, by a single sine curve, like that in Fig. 
228, is .said to be aingle-|)hase, or to supply single-])hase 
current. An allcrnating dynamo that delivers two or 
more .single-phase currents, which do not attain their max- 
imum or zero iioints at the same instant of time, is called 
a multiphase generator, and is said to deliver multiphase 
current, As a matter of fact, each individual current 
from a multiphase generator cun be only single-phase, 

A drum armature similar to that in Fig, 22,od may be 
wouucl and counected so as to deliver any desired number 
of alternating currents, each of which will be single- phase 
when con.sidered alone, but will differ in phase from all of 
tlic Olliers. A generator with such an armature is multi- 
phase. While multiphase generators may yield currents of 
as many different phases as are desired, such generators in 
practice are mostly confined to two and three phase cur- 
rents. The development of two and three phase generators 
has been largely due to tlic demand for alternating current 
motors. A single-phase current is entirely satisfactory for 
electric lighting purposes, but has serious defects when 
applied to the operation of electric motors. Two or three 
alternating currents of different phase, on the other hand, 
give excellent results in the production of electric motive 
power, and arc suitable for electric lighting. 
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A two-phase generator delivers two alternating currents,, 
which have their maximum values at points 90 degrees 
apart in each revolution. If a drum armature, similar to 
that in Fig. 230(5, is provided with two coils of one or more 
turns each, at points 90 degrees apart, and the ends of these 
coils are brought out to four separate contact rings, these 
rings will deliver two-phase currents when the armature 
revolves in a bipolar magnet frame. Such a drum arma- 
ture, with two separate coils of one turn each, is shown in 
Fig. 23or, with two pairs of contact rings. In a practical 
case, the contact rings would all have equal diameters, but 
they are here shown in different sizes for clearness. It is. 
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Sine Curve of Two-Phase Current. 


clear that, as the armature in Fig. 230^ revolves in its bipolar 
magnet frame, each coil will begin to pass either pole 90 
degrees in advance or 90 degrees behind the other coil. 
From this it follows that corresponding points on the sine 
curves of electromotive force or current delivered by the 
two coils must be 90 degrees apart. The two-phase cur- 
rents delivered by the armature of Fig. 230c are illustrated 
by the sine curves in Fig. 232, which represent two currents, 
each single-phase, but one of which is 90 degrees behind the ’ 
other at zero, maximum and all other points. The curves 
in Fig. 232 represent the currents delivered during one 
revolution of the armature by the two coils. As may be 
seen from the figures marked along the horizontal line. 


POLYPHASE CENKRATORS. 


which indicate degrees on the circle of revolution, one 
tut lent is at its ULisiinuni when tlie other is at its zero 
v'alne, at the beginning, the middle and the end of the revo- 
lution, that is, at o, 90, 180, 270 and 360 degrees. 

A three-pliase generator delivers three alternating cur- 
rents, which have their niaxinuun values 60 degrees apart in. 
each revolution of the armature. If a drum armature, like 
those shown in big. 230/^ and r, is provided with three 
separate coils, spaced 60 degrees apart about the core, and 
eitch coil is connected to a separate pair of contact rings, 
the arniuturc will deliver three-phase currents, when oper- 
ated in a bipolar magnet frame. Such an armature, with 
three coils of one turn each, and with six contact rings, is 
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Thrtse-Phase, 

shtjvvn in Fig. 230^/. The three coils in this figure, like the 
two coils on the armature in Fig. 23o/^ are entirely inde- 
pendent of cacli {)thcr, and there is no electrical connection 
between them. 

The three currents delivered by the armature in Fig. 
are illustrated by the three sine curves in Fig. 233, which 
shows the variatioms in the currents delivered during one 
complete revolution. As may be seen by inspection of the 
curves, the zero points of the three currents in each direc- 
tion are 60 degree.s apart in each revolution, and the maxi- 
mum points arc also 6 i degrees apart on either side of the 
zero line. Armatures with only a single turn per coil have 
been .shau n in Fig. d, c and for the sake of clear- 
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ness; but if the coil or coils in each case luul tuauv tuir.s, 
and covered the entire core, the nature ut the eui r ents ju ‘i 
diiccd would remain the same, lhouj;'h the elei truumtive 
forces and amounts of current mi{j;iit he thus intieast'd. 

In polY[)hasc f^ciierators for praetii'al \s«»rK, two or nitne 
armature coils arc usually connected to each pair ot eolk 1 1 
in^ ring's, each coil has ipiite a number ol turns, all the coils 
arc laid in slots in the. iron armature eores. ami multipnlar 
magnet frames are almost always employed, tamsiderahle 
numbers of coils are necessary to properly disiriluite the 
windings over the armature e )res, and nranv tur ns ate 
rcipurcd to dcveloj) the electromotive loree watued. uhich, 
in some cases, is as high as lo.oix) volts. Slotleii ai umturr 
cores are employed to keep the magm*tie tesisfam e of the 
air gaps from cores to inuguet poles within ruotletate hgut es, 
to provide secure means for holding the coils and to give 
amj)le room for insulation between the windings ami fire 
cores. 

At all ordinary screeds of armature rotation, tnultipurlar 
magnet: frames are necessary to give eutt’enfs with the 
required frequencies or numbers of [reriirrls per secoml. As 
already pointed out, a period or cvele of uir alfemafiiig 
current is its rise from zero to a maximum value in f»ne 
direction, a return to r^cero atrd rise to a maximunr in the 
opposite direction, with a final return to zero again, illus- 
trated by the sine curve in Fig. Multiphase genriatt>rbt 
arc usually designed for either 40 in* do cvcles per 
second. Current of 2 $ cycle.s is especially Hiiltalile for 
power purposes, while currents of 40 and lii cviIch lire 
used for both power and lighting. Kach indrpefideiil arim 
aturc circuit, with its own pair of collecting tings on a 
polyphase generator, su{)pHeH current with a mimlier ol 
cycles per second that equals the product of the tnifiilier 
of armature revolutions per .second by the iininlier of paii»* 
of magnet poles between which tlie armature revolves. 
The number of cycles or periods per secimd is thus tnitirrlv 
independent of the number of armature coils or of ike 
number of turns per coil. Thus, the armature in Fig. jmK 
where there is one pair of poles, roust revolve 25 x^io - uso.* 
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times per minute in the bipolar Iramo to yield a current of 
25 cycles per second. In like manner, the same armature 
must revoh c 40 X ( t) 2,400 times and 60x60 ■ 3,600 times 
per minute to deveU»p currents of 40 and 60 cycles per 
second, respectively. If ^.^enerators must yield 25 cycles 
per second, or 25xfK) 1,500 cycles per minute, at 750 
revolutions per minute, the number of ma^niet poles must 
be four, so that the mimber of pairs of poles will be two, 
because 750x2 i,5oti. 

Polyphase generators may be divided into three classes, in 
one of which the armature revolves ; in another the magnet 
frame revolves and the armature is stationary; and in a 
third the magnet titul armature coils are all stationary, and 
only a mass cd irim, called an inductor, is revolved. (Jen- 
erators with revolving armatures are suitable where small 
capacities or high sjieeds of revolution are wanted, and 
where the armature voltage is moderate. When the gen- 
erator must supply current at 3,000 to 10,000 volts, the 
stationary type of armature is desirable, because it gives 



better opportunity to provide and maintain the insulation 
(jf its windings. With a .statumary armature no contact 
rings for its currents are necessary, but if the magnet coils. 
revu)lve, contact rings must be provided for their current. 

The inductor ger.erator is designed to do away with all 
revolving coils and sliding contacts, and to this end, both 
the armature anti the magnet coils are mounted on the 


statitmary part of the machine. Within this stationary part 
a circular mass tif iron, called the inductor, is revolved and 


completes magnetic circuits through the several magnet 
and armature mih alternately. 


riHtl Ed’lIASE OKNKRATORS AT I'ARIH. 

A thrce.plmsc alternattir built and installed at the Ikiris 
I'Aposithin by the French firm the Compagnie G6n6rale Eiec- 
iritjne of Nancy, is shown in the engraving. This is of the 
tviH‘ ui alternators having revolving field magnets and sta- 
tionary armatures. This fly-wheel field magnet has a si>ecd 
revolutions per minute and has a frec|uency of current 
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in tlu‘ uruuUiiff <il tilty pt'i’iocls |u*r second. In each phase 
it ^^ctuTutes a cunrut ot 87 amperes at a potential of 3,000 
volts. In oi’tliT to securt' mechanical rij»;idity in the arnia- 
tiire, it will he noted that on each side there arc six rods of 
for^j^ed iron terminal inijc jit a collar piece, each of wdiich can 
be adjustt'd by set sta'ews. I'he stationary annatiirc has the 
api’^’‘^'f'‘tnee of i^reat li|^htness. Tlic direct-current dynamo 
used to excite the fields of this alternator is seen in the fore- 
ground, and it will he noted is directly connected to the 
clrivini^ .shaft of the main machine. The collector brushes 
of this machine are seen on the end of the shaft, the coin- 
inutatcn’ hein|4' placetl on the extreme outside, while the slip 
rin|i[s and hruHlu*s of the alternator are inside the main bear- 


IN'mn'TloN MOTORS, 
av ALTON n. AUAMS. 

Induction motors differ radically from other ty\)es, 
liecuuse a part of the currents that yield mechanical work 
flow in eonduetors havini^' no electrical connection with 
any external cirenlt. In other words, induction motors are 
Sf) called because u part of the windings on each motor are 
closed circuits within themselves, and the currents in these 
closed windings are set up by induction from the other 
windings, 

^ 1 t . ♦ . . < - 1 » i 1 


if coils, tuuiudy, the magnet windings and the armature 
bindings. These magnet windings are supplied with direct 
mrrent, usually generated by separate dynamos called 
exciters, llie armature windings have electromotive forces 
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sets of windings. Fn one set oI these i'urt’ent is 

sii})plied from ii polypliuse generator, anti this eurreut is, 
therefore, alternating. The other set of nntt«»r wimlingH 
is, as has been vStatcd, n<g connected to any c’Nternal .Htmrce 
of current sup{>ly, but forms a complete circuit in itself. 
The set of windings which receives current from an tmtsitle 
source is called tlie primary coils, and the witnlings \vliic*h 
carry only induced currents are called sec'ojularv ctuls. 
Either the part of the mott»r whicli carries the primary, or 
that which carries the secondary windings, tuay revolve. 
In practice it is better tt) revolve the setamdarv windings, 
and to keep the primary windings stationary, because all 
sliding contacts arc thus avthded, and this is the general 
construction. It is desirable to avoid the words armattire 
and magnet frame in connection with induction motors, and 
to apply the name rotor to the revolving [>art, and stator to 
the fixed part, to insure clearness, Ctmsidered tnagneiic^ 
ally, the induction motor more nearly resenddes the trauH» 
former than the dynamo or motor of other types. In fact, 
the induction motor is a true transformer, in which a part 
of the core and the secondary coils revolve. Where tlu? 
iron of a magnetic circuit is .subject tt> rapid changes in the 
intensity of its magnetization, it is necessary to emphiy thin 
sheets to build up the rcKiuired mass, in order to avoid l«»cal 
currents in the iron and resulting Kisses from heat. In all 
dynamos the armature cores are, therefore, laminated, hut 


excited by direct currents, their magnetization remains nearly 
constant. The entire magnetic circuit of an induction motor 
must be built up of thiu iron sheets, because its magnetism 
is rapidly reversed by the alternating currents in the pri- 
mary windings. 

An induction motor, suitable for tjperation with two- 
phase currents, is illustrated in outline by Fig. 31$, The 
outer, circular part of this motor is the stator, built up of 
thin iron sheets and wound with the primary coib. The 
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I’irtnilai sinJait'ut tin* rntur luuly. Thcst* copper rods arc 
io-ulattnl Imnj t he siu-et ii uu body (»f llic rotor, and arc all 
iitneiietl together at each end liv a rin^^ of coj)[)C‘r. On 
the stator are two primary coils, yo de^n'ces apart, and 
eiitirelv iiulepeiuhmt ot eaidi other, ami each is connected to 
a etri tjit that delivers sin|^le-phasc current. Current in one. 
of these primary cirt'uits and ctiils is yt) deforces, or onC” 
i|u:irtrr period, behind the current in tlie other circuit and 
I'otl; that is, tht* currents are such as would he supplied by 
a twiephase |4rt»cr at<n. When the motor is to be started in 
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iiprnifiofi, eofitirr lions between the supply circuits and the 
pi imafv toih are made by switches, and the rotor at once 
rs.rrN a |Mswrriyl turnin|»’ effort. Tltis tendency to rota- 
tion h ciiir to the comfnned aethm <»f the two primary cur- 
rriits In the I'oils of the stator, and to the induced currents 
in the closed coils of the rotor. This action may be more 
easily iiiifirrsbMwl by reference to a direct-current motor. 
The fitachiJic llltistratrd in Ft|(. 2\ua may be used as such a 
motor, m writ i« for a tlynamo If direct current is sup- 
ptird to the magnet wimlini^s nfid tc» the sinijjle armature 
coil of the motor hi this figure m> motion of the armature 
%%'ili rcHilt, ivltrti the armaturt? coil is in the position shown, 
iiiiciway lK*t%%*rrn the magnet poh-'s; that is, the armature 
|j;iH two iMiiiils ill racii revolution at which no turning effort 
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can be ^ot. from tlie current in its coils. In any other posi- 
tions of the coil current in the coil will i^ivt* 1,1 tui tlloil 
if the inaj^nets arc excited. This turning effoit is due to 
the fact that a conductor lyinj^ across the pole ol a iuaj;net 
is subject to a force tendin^^ to move it past the pole in one 
direction or the other. accordin^Mo the direetion iu whieh 
current is flowing in the conductor. If the motor armature 
in Fig. 230^? is providctl with two (jf more c-oiIh, eonneeled 
to a commutator with four or more segments, there wid be 
one or more conduetors in front of eaeh pole at everx' stage* 
of the revolution, and the armature will, thereinrta be self, 
starting in any position. In this direet-enrrent motor the 
tendency to armature rotation is maintained, beeausc the 
revolution constantlv brings eonductors, carrying cui rents, 
into iiositions belore the fixed magnet pole.s. If the anna 
turc in the case of ti direct-current motor is fixed in its 
position, and the magnet frame and eomtnutafor brnslu's 
are mounted so as to revolve, motion will result as before, 
w'hcn current is supplied to the magnet coils ami to the 
commutator bruslies. In this case revolving magnet juih’s 
are constantly brought over armature comlucttn’s that have 
current passing through them. An induction motor prr. 
seats much the same result as that just named, but the 
revolution of magnet ]K)les is brought about by magnet k* 
instead of mechanical motion. Returning to Fig. 
assume that a single-phase current is supplied to one of the 
primary coils with terminals, a and A A result will be the 
development of two magnet poles on the interior eirrurit- 
fercnce of the fixed outer ring. These ptdes will be deveb 
oped at points t)n this ring midway between the notches 
where the coil, a d, passes through it; that is, at the notehrs 
where the coil, c ci, pierces the ring. At each of these two 
points the magnetic pole will develop and increase to its 
maximum intensity in one direction, then fall to jtero, 
increase to its maximum intensity in the t»ther direction, 
and then fall to xero again, during each period of the alter* 
natiug current. Obviously the changes in the two magnetic 
poles relate only to their signs, that is, whether newth or 
south, and to their intensities, there being no tendency for 



INDl'r'l'lnN MdTDRS. 


531 



the develepiuent of tuUes at any points on the external ring 
aside from tliose designated. In other words, there is no 
tendeney fnr the two poles to travel in a circle, as when the 
magnet frame of a direct -current motor was allowed ti^ 
rotate mechanically. If, now, the current in the coil, a b, 
is discontinued and a like current is supplied to the coil, 
c if, two poles, constantly varying in strength, but fixed in 
position, will be tlevclo])ed on the interior surface of the 
fixed ring, but in this ca.se these poles will be located at the 
notclies where tlie coil, r? b, [lasses through the ring, or 90 
degrees from tlie polc's developed by current in the goil, 
a b. The .supply of one single-phase current to the coil, 
a and of another single-phase current to the coil, c d, at 
tlie same time, the two currents being 90 degree.s apart in 
phase, as illuslnited in Fig. 235, will caiusc a pair of mag- 
netic poles to rotate uniformly about the inner surface of 
tlic fixed ring. A.s pointed out above, the current in 
tin* coil, <i th will tend to develop a pair of poles at the 
notc'he.s where the ctoil, r d, ])as.se.s through the ring, and 
as the current in the c d coil differs 90 degrees in jihasc 
from tile current in the a b coil, the current in the a b coil 
and the magnetic poles at the notches of the c d coil will 
have tlieir inaxiuuim values when the current in the c d coil 
is icero. A.s llie current in the a b coil declines in amount, 
the current in the t' d coil increuvses, and the resulting raag- 
uetixation of the ring is developed by their combined action. 
When the current in tlie a b coil ha.s decreased only a little, 
and the current in r d coil has risen to only a small part of 
its maximum value, the pair of magnetic poles will no longer 
be at the notches of the c d coil, but will have moved a little 
way toward the notches of tlie a b coil. At the moment 
when the current in the tx b coil is just equal in amount to 
the current in the c d coil, as indicated at either of the 
points where the two curves cross in Fig. 232, the two 
magnet imles on the interior of the fixed ring are midway 
between the notclies of the a b coil and the notches of the 
c d coil, in either a horizontal or a vertical line, according to 
the direction of the current in the coils. As the current in 
the a b coil continues to decrease, and the current in the c d 
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coil to increase, the pair of magnet poles moves {> i imvanl 
the notches of a b coil, and reaches these notclies at tiie 
instant when tl»e current in the a b coil is 2:ero, and llu‘ 
current in the c d coil at its maxinuim value. Wdule the 
current in the a b coil has fallen from its maximum to zero, 
and the current in c d coil has risen from ;^ero to maximum, 
that is, during one-fourth of a period, the t\vt> magnet poles 
on the interior surface of the fixed ring have travehal tja 
degrees, or one-quarter way round the circle. In a pre- 
cisely similar way the magnet poles continue their rotation 
as the cycles of the currents in the two primary coils 
progress through the remaining three-iiuarters rif the revo. 
lution, and so on, as long as the supply of current m the 
coils is maintained. VV'hile the currents in the two prinutty 
coils have maintained a pair of rotating poles tm tint inner 
surface of the fixed ring, they have also induced currents 
in the closed secondary coils on the rotor*. Rcactitms 
between the rotating poles and the currents in the coils of 
the rotor give the induction motor its continuous turning 
effort. This effort docs not depend on the rotation of the 
rotor, as in the case of the synchronous motor, and the 
induction motor has a starting tonpie tnuch greater than 
that exerted when the motor is operating at full lourl and 
speed. Compared with a direct-current motor ha\ irig a 
fixed armature and revolving magnet frame, the induction 
motor substitutes progrc.ssive mugnetijsation for rotating 
masses of iron and induced currents in the rotor cunducttirs 
for current from the supply line in a fixed armature. Any 
number of polyphase currents may be employed in a corre» 
spending number of primary coils in an induction motor. 

In practice, currents of more than three phases are 


a larger number. The primary coils in Fig. 235 are sc 
arranged that there is only one pair of rotating poles, iu 
already described, A similar result as to number of pole? 
in a three-phase induction motor is reached by the arrange 
ment of primary coils shown in Fig, 236. ikeh pitmary 
coil in both motors passes through a pair of diametricallv 
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pair ot i)()les midway between the slots in which it is located 
wluMi supplied with C'urreut. Wlieii these thi'ce primary 
coils, in i‘{^. are supplied with currents that differ 
successivtdy by 60 deg'rces in phase, as illustrated by the 
curves in hip,. fbeir combined effect is to develop a 
sinple pair of poles that rotate at a uniform rate about the 
interior surface of the fixed ring. 

Corresponding secondary currents arc induced in the 
conductors of the rotor by the currents in the primary 
coils, and the toixjuc of the motor depends on reactions 
between tlie secondary currents and the rotating magnet 
poles. 

Bipolar primary windings have been shown in Figs. 235 
and 23d, for the sake of simplicity, but windings may be 
so arranged as to devcloi) any desired number of pairs of 
poles about the inner surface of the stator in an induction 
motor of either two, three or other number of phases. 
Induction motors arc most extensively driven by currents 
from two or three-phase generators, but similar results are 
also obtained with vsinglc-pliasc alternating current. When 
alternating current is vSiqiplicd to one of the primary colls, 
as ft of the induction motor in Fig. 235, induced currents 
are develojied in the closed windings of the rotor, and there 
is a reantion tjr turning effort exerted between the rotor and 
the fixed magnet poles on the interior of the fixed ring. 
These reactions cannot vSet the rotor in motion, because they 
are eepud and ojiposite in direction. Evidently, if these 
espposing forces are put out of balance in some way, the 
rotor will be |)ut or maintained in motion. If the rotor in 
Fig. 235 is set in motion by a turn of the hand, or other 
means, while only one of the primary coils on the stator is 
connected to a sfmrce of alternating current, the reactions 
of the induced currents in the jotor winding will weaken 
the magnet pole on tlie stator that opposes the motion of 
the rntor, but will not weaken the magnet pole that tends 
to drag the rotor in the direction of its motion. In other 
words, the motion iif the rotor destroys the equilibrium of 
the magnetic forces acting on the rotor. A result of this is 
that the rotor, when once started, constantly gains in the 



I 


5 KX I’E RIM KN"r A 1 . Si ‘ I K N i ‘ I'. — A li' IM ' I \ . 

rate of revolution until its normal spcetl is reached. At 
this point the reactions between the mu|^neti/inu' current ui 
the primary coil and the inditccd currents in the lotui 
winding produce two rotatin^^ magnet pt>les that travel 
around the inner surface of the hxetl ring in much the same 
way as the poles developed when the two primary ci»ils ate 
supplied with two currents that dilTer 9^) degtees in phase. 
One imjiortant objection to a single-phase motoi of this 
type is its inability to start with a load, even when aided a 
little at first, because the torque of sucli a mott»r is small 
until it gains considerable speed, I his objection in of 
especial importance with large motors. For small motors 
that can be started without load, this type t»f sitigle-phase 
induction motor offers a very simple construction. 

Fas 237 




Connections of Single-Pbale Inductioft Motor. 

If an induction motor is to be used with .Hingle-pham* 
current, and started in the way just tlescritHtil, the rotor 
winding should have its ends brought to a pair of ctdlecllttg 
rings, and then a variable resistance connected to these 
rings. Before the primary coil is connected to the sujrply 
line, the resistance should be so adjusted that not nwm than 
twice the normal current can flow in the rotor coils. As 
the rotor rises to its normal speed this resistance should be 
gradually cut out, until the rotor coils are practically closed 
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the lari^er, /», the working winding. At the time of starting- 
the two |)vimary windings arc connected in series, and the 
starting wiiuUng is shunted with a non-inductive resistance. 

The conihined efTeet of these two windings, when sup- 
plied with single-phase current, is to set up an irregular, 
rotating magnetic held. This held reacts with the induced 
currents of tlie rotor conductors, and brings the rotor up 
to speed. As soon as the normal motor speed is attained, 
tlu* switch should he moved to the contact that cuts out 
the slurtitjg cnil, ami leaves the working coil in circuit. 
Several t>ther devices have been adopted by different motor 
nianufacturers, lo [)roduce an irregular rotating magnetic 
held in the stator of a single phase motor, for the purpose 
of giving it a starting torque. 

‘rhe normal speed of rotation for an induction motor of 
one, tvvtj ami more pliases is a little less than its synchrou- 
t)us sprint would he. By the synchronous speed of a motor 
is meant that speed which, when multiplied by the luunber 
o{ pairs of niotor poles, will give a number corresponding 
to the peritJtlH of the generator and supply line with which 
the niotor is eonnected. 

Take, for instance, the case of a four-pole induction 
motor of any pha.se, that is to be connected to a generator 
yielding can rent at 6 o cycles or periods per second. As 
this motor lias two pairs of poles, its revolutions per second 
at synchronism will be 6o + 2 - 30, and its revolutions per 
minute jo >; - iHoo. If the motor used has six poles 

iuHtcad of four, the synchronous speed will l)c 60 3 20 

per second, or 20 x 60 1200 per minute. Obviously the 

riumlMjr of motor pules may be very different from that of 
the generator which furnishes the supply of energy. Thus 
a iHrect-connectcd generator might operate at 120 revolu- 
tions per nuiiute, or two per second, so that its number of 
pairs of poles must be 60 -4- 2 ss 30 to develop current at 60 
cycles per srconiL 

No tndiirthm motor ever rims quite up to the speed 
that would bring it into synchronism with its soiuce of 
current, liecause at the .synchronous speed it could not 
exert any torc|ye. I he amount by which the rotor of 
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ail induction motor lags behind its symdinmous spi't’d is 
usuall}’’ less than 5 per cent, of that speed, and varies with 
tlic construction of the motor, and also witli tlu* uninunt u! 
load it is carrying. As the load on a motor is increased the 
speed drops, and this condition is neeessurv in ortler to 
provide for the greater retpiired lonpie. The tliffc*reuet* 
between the actual sjieecl of rotation for tlie tiu»tor and the 
speed at which it would be in synchronism with the sourt*e 
of current supply is culled the slip. Evidetitly the slip 
increases with the load. 

In the early days of jiolyphase generatt»r.s ami indnetion 
motors, it was common to keep coils on either generators 
or motors, that carried currents difTering in phase, entirely 
distinct from each other. When .singh%phase etiuent was 
transmitted, only two wires were neccHsary hvtwvvn gemer 
ator and motor. For tvvo-phasc currents four wires wete 
required, and with three-pluise currents six wires, when a 
distinct circuit was provided for each phase. 1*0 avoitl 
this multiplication of wires and circuits, it is now the geto 
cral practice to join all of the colls on the armutute of a 
polyphase generator, us well as all of the primaty coils on 
an induction motor. One advantage of this practice is that 
the number of contact rings on a two-phase generator is 
reduced from four to three, and on a three»pjjusii generator 
from six to three. Another ami still greater advantage c»f 
the combination of armature circuits on polyphase* gener- 
ators and of primary coils on motors is the reduction of 
the number of line wires to three for either two or three 
phase transmission. The coils of 
may be combined on either the star or mesh system, 
called, or on both systems at once. In the star system « 
end of each coil makes a common junction with one end 
each of the other coils, and the ret 
to separate contact rings. On the 
turc or motor coils arc so joined 
circuit within themselves, and w'm 
tain points in the mesh to t^nlUn-th 
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phase motor, urrau^nul on the star plan. The two generator 
coils, (( are joined at t)ne end, and a separate line wire is 
connected to this junction and to each of the free ends. 
I'liese three line wires connect witli the two primary coils, 


t'onnuKHona of Two- Phase Generator and Motor. 




Star Connpo{Unj!i of Three-Phase Generator and Motor. 


c II, on the tnottir, in tjrder of their connection to the arma- 
ture coils, !n Fig. 2j,g, the armature coils, a b c, of a 
three-phase generator are joined on the star system to the 
three primary coils, # / of an induction motor. The mesh 
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system of connection for a three-phase generator and nuit(jr 
is shown in Fig. 240. FIcre three points in the mesh ot 
armature coils, ^ be, 120 degrees apart, arc joined to cor- 
responding points in the mesh of primary coils, on a 
three-phase induction motor. Either of the mctliods of 

Fig. 241 


Connections of Complete Three-PhasB Generator and Motor. 

connection shown secures 'the advantage of ample .starting 
torque for motors, but their use will vary according to 
other requirements of the service. 

TIIREE-PIIA.se motor at IIKtJ.ECAROK. 

The most interesting of the works driven electrically 
at Bellegarde, about twenty miles below Geneva, H wittier- 
land, is the cotton mill, which is 550 yards distant from 
the water power and generators, employs one three.pliase 
motor of 120 to 170 horse power for driving the openers, 
carding, combing and drawing frames and fliers, and siqo 
plies 360 incandescent lamps. One uo to 170 horse ptnver 
three-phase motor drives the self-actors, and one 15 to 30 
horse power motor of the same class is employed for driv- 
ing the ventilating fans and the workshops. 

These motors are illustrated in tlie annexed ttngrav- 
ings, which we take from Engineering. The larger motors 
weigh 5,8 tons each and the smaller motor weighs 1.2 ttms. 
These motors are started by resistance starters, and under 
normal conditions attain their full speed in the space of one 










Three-Phase Motor at Bellegardo. 

ring’s and pierced near the j)cri|:)hery by equidistant oval- 
shaped (or circular! holes iu which the copper windings arc 
placed. I’ortions of the inducing winding are so bent and 
arranged as to be always at the same distance from the axis 
of the motor, and in large motors (from 40 to 120 horse 
ptjwer) the straight pt)rtioi\s are placed in stiff paper or 
ebonite insulating tubes fitting into the oval perforations. 
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The Winding of the induced rotary part consists either 
of wire or of copper bars, and is also iil^ced in iicriplieral 
holes. By this construction all the magnetic resistances in 
botli parts are reduced to a minimum, while the peculiar 
winding of the inducing part insures perfect syrametry, 
great economy of si>ace, and easy inspection and repair. 
The wires or bars of the rotary part extend beyond the core 
on each side, the ends being bent and soldered together to 
form a drum winding short circuit on itself. The windings 
of both parts are symilictrical, hut independent of each 
other as regards polarity, the peripheral holes being eepti- 
distant and the surfaces of the ultcruating iron cores being 
smooth and uniform all around, and any number of p«»les 
can be formed in the inducing part without any [lolar pro< 
jections. By virtue of this arrangement, the motor is 
enabled not onl}' to run non-synchronously with the gem 
erator, but with a considcralilc torque without separate 
•excitation, so that commutators and brushes are entirely 
dispensed with. 

To start these motors it is ueces.sary to produce a 
difference of phase to destroy the eciuilibrium of forces, 
which, although the current be switched on, causes the in- 
duced part to remain neutral, and prevents it from rotating 
unless it is set in motion. As dilTercnces of phase are prtj- 
duced by differences of self-induction, the desired object is 
brought about by adding to the ordinary winding of the 
motor a starting winding of small cross section having a 
different self-induction, so that when the two are placed in 
circuit with a generating alternator, a difference of phase 
and hence a rotary field is set up, which overcomes the 
neutral state and causes the armature to rotate. 

The efficiency of these motors increases with the si^e 
and varies from 70 to 90 per cent. They are capable of de- 
veloping 50 to 100 per cent more than their normal power, 
and require no attendance beyond the renewal of oil once 
a week. 

ROTARY CONVERTERS. 

In connection with electrical transmission and distribution 
it is often necessary to convert alternating into direct, or 
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direct into alternatin'^ current. A frequent case arises, 
where the cncri^y of falling water is electrically transmitted 
at pressure to a distant city, and there distributed as 

direct current. Another instance occurs when an electric 
railway, too long to be led with direct current at 500 volts 
f rom a single generating station, has one or more sub-stations 
alonff its line, where alternating current, developed at the 
niaii^. power plant, is received at high pressure and trans- 
formctl to the voltage of distribution. After this energy is 
reduced in ju'essure it must still be converted to direct cur- 
rent, iu the great majority of instances. Sometimes a 
factory or mine, drawing its supply of electrical energy 
from a direct-current system, requires alternating current to 
drive induction motors in places much exposed to dirt and 
water, or that must be free from sparks. Here again the 
conversion of energy is reeptired. In general there are 
three ways in which alternating current may be converted 
to direct, ov direct current to alternating; that is by the use 
of motor dynamos, tlouhle- wound dynamos or of rotary 
converters. The motor dynamo consists simply of a motor 
and a dynamo mechanically caiinected. The motor may be 
adapted to receive either alternating or direct current, and 
tlic dynamo may be designed to deliver either sort. Obvi- 
ously this comlnnatiou of two machines may be made to 
convert either alternating into direct, or direct into alternat- 
ing current, with any desired range in voltage or number of 
phascB, since the windings of the two are entirely separate. 
Efficiency for the motor dynamo must be lower than that 
f)f either machine alone of the two that go to make it up. 
Thus if the motor and the dynamo employed each have an 
efficiency of 90 per cent., the complete motor dynamo can 
have an efficiency of only .qox.qossBi per cent. As the 
output of the mcJtor dynamo is a little less than half of the 
combined capacity of the two machines that compose it, its 
weight and first cost per unit of capacity's high. 

In the double-wound dynamo there is a single magnet 
frame ami armature core, but the armature core is provided 
with two entirtdy distinct windings, insulated from each 
other. One of these windings may receive either alteniat- 
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ing or direct current to drive the cirinuture like that of a 
motor, and the .other winding may deliver cither direct or 
alternating current, the latter being of one, two or more 
phases. The double-wound dynamo has a smaller weight 
and cost per unit of output capacity than the motor dynamo, 
and also a somewhat higher eflicicncy. riie double-wound 
dynamo is somewhat limited as to the range of v(tltage itt 
its two sets of armature coils, because of difficulties of 
structure and insulation. 

In the third method of conversion of alternating to 
direct, or of direct to alternating current, a single machitic 
with only one armature winding is employed, d'hi.s arma- 
ture winding is connected to a commutator, and also to two 
or more contact rings according to the number of phases of 
the 'alternating current that is to be received or delivered. 
Such a machine is a rotary converter. Alternating current 
of the appropriate number of phases may be sent into the 
single winding through the rings to drive the armature, and 
direct current be delivered at the commutator. 

On the other hand, direct current may be supplied 
through the commutator to drive the artruiture, and alter- 
nating current of any number of phases taken from a corre- 
sponding number of collecting rings. Furthermore, the 
rotary converter may be driven by mechanical power, and 
used as a double-current dynamo to deliver direct current 
from the commutator and alternating current of any number 
of phases from the contact rings, at one and the same time. 
The rotary converter represents some saving in material 
over the dynamo with double- wound armature, and a 
material increase of efficiency, which usually ranges from 
90 to 95 per cent, in rotary converters. The current that 
enters the armature winding of a rotary converter, by 
or commutator, to drive it. is not the same current that is 
delivered by the commutator or rings, though the latter 
comes from the same winding. Considering the rotary 
converter at first simply as a motor, the flow of the alternat- 
ing or direct current, that drives it, through the armature 
winding must be in a direction opposite to that of the 
■electromotive force developed by the revolution t>f the 
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armature between its uiafj^net poles. On the other hand, the 
current delivered by the commutator or rings has the same 
direction as the electromotive force developed in the coils 
by the revolution of the armature, as must be the case in 
any dynamo. As the driving and delivered currents of a 
rotary converter How in opposite directions in the same 
armature winding, the current moving in any part of the 
winding at any instant is the difference of these two currents 
there. It follows that the current actually flowing in the 
armature winding o( a rotary converter, when the rotary is 
drivtm by received current, is less than either the current 
entering tiic armature on the one hand, or the current leav- 
ing it on the otlier. Consetpiently the loss of energy due to 
armature resistaiu'e is smaller when a rotary converter is 
driven by ch.'ctric current than when it is driven by 
mechanical power, the out|)ut of current being equal in the 
two cases. In the dynamo with a double-wound armature, 
and likewi.se in the rotary converter, there is little or no 
neces.sity to .sh'ft the position of the brushes on the commu- 
tator us the loud increases, when the machines are driven 
with electric [tower. On the double-wound armature, where 
the two sets of armature coils are entirely insulated from 
each other, the amjtere turns of the current in each set of 
coils about the core are nearly equal to the like ampere 
turns in the other set, when the machine is driven by the 
current in one .set of coils. In this case the winding that 
receives current tends to niagnetiice the armature core in 
just the op[K)sile direction to that in which the coils that 
deliver current tend to magnetize it. A result of the 
apposing action of these two seta of armatui'e coils is to do 
away with any reaction of the armature currents on the 
magnetizing effect of the magnet coils, and thus avoid the 
necessity for a change in the brush [)osition with increasing 
Icmd. In the single armature winding of a rotary con- • 
verter, the current beitig much smaller than the one enter- 
ing or the one leaving it, the armature reaction is compara- 
tively slight, and the brushes may remain in a fixed position 
when the rriachine is electrically driven. When either the 
double-wound dvnanio or the rotary converter is driven by 
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mechanical power, current in the armature witulin^^H rcactn 
on the mag'netizing’ effect of the magnet coils, and produces 
a necessity for brush displacement with risini^ loud, just us 
in any ordinary dynarr.o. 

FitJ, 343 



(a) Comtuutator Kntl of Ariniiturc. 0) Knil Hhwwltjg t Rlu^ 

RoUry Convener. 

An ordinary direct-current dynamo may be clutni^evl 
into a rotary converter of one, two or more phases by the 
addition of two or more contact rings, properly ctmneeted 
to points in the armature winding. 

Fig. 243a shows a bipolar dynamo with an ordinary ring 
armature, whose winding is connected to a commutator for 
the delivery of direct current. The armature winding con- 
sists of eight complete turns or convolutions, connected to 
a commutator of eight segments. 

In Fig. 243^ is shown the other end of this same armature, 
with two contact rings connected to the winding at two 
diametrically opposite points. This machine is a true rotary 
converter of single phase, and may be used to convert 
alternating into direct or direct into alternating current, 
as well as to deliver either or both of these sorts of 
current when mechanically driven, With two collect- 
ing rings the armature can be used to receive or deliver 
alternating current of only single phase, but if two more 
rings are added and connected to the winding at two points 
90 degrees from the connections of the other rings, two- 
phase currents can be handled. Still other pairs of cob 


lectinf? ni:iy he eomu'ctecl in like manner to points 

sj-miuftrically loaited about the \vindinj>;,so that alternating^ 
current of any desired number of phases may be received or 
delivered. This rotary converter in Fij>^. 243, having only 
one p^dr of juiles, can receive or deliver only alternat- 
ing- ciirretit that ccpials in frequency the rate of I'cvolution 
of its armature. Thus, for current of 25 cycles per second 
the speed of this rotary, whether used to generate or con- 
vert, must be 25 xtxn- 1,500 revolutions per minute. For 
current td cycles per second, .such as is more commonly 
employed for the general distribution of light and power, 
the speed of a bipolar rotary converter must be 60x60 
=r;3,6cxj revolutions per minute. It is usually necessary for 
rotary' convt'rters to o[)erate at speeds much below those 
just named, and con.secpiently they must have rather large 
numbers of poles, like ordinary alternating generators. In 
rotary” conv(*rters, liowever, the use of a large number of 
poles is attended with a diniculty that is not present in the 
ordinary alternator. Tins difliculty is due to the fact that 
the armature core of a rotary must have a considerable 
number of slots, and its commutator at least an equal num- 
ber t»f segments per magnet pole, t(» insure good results at 
the brushes. Take for illustration a rotary converter that 
must generate or receive alternating current of 60 cycles 
per second and operate at 300 revolutions per minute. The 
cycles f<Jr this tuachitic arc 3 600 per minute, and the num- 
ber of pairs of poles must be 3,6a) 300 12, or 24 poles. 

If there are to be 30 shds per pole, an ordinary and desir- 
able mimlHT, the armature core must have 30x24=720 
sleds, iintl the commutatt»r should have at least an equal 
number of segments. In an tmdinary alternator a small part 
of this nuinbtT of armature slots would be sufficient, and 
the problem cd insulation would be much more simple. 

• The speed of revt»lution for any rotary converter depends 
on dijfferent factt.rs, according to whether it is driven by 
direct or alternating current. If direct current is employed 
to drive the rotary, Its speed, like that of any direct-current 
mfitor, dtq lends directly on the strength of the magnetic 
fitdd in which the armature revolves, being higher when the 
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field is weak and lower when the field is strong'. The num- 
ber of periods per second of the alteniatinfj: current deliv- 
ered by the collecting rings of the rotary will tlius ehang(‘ 
with every variation of the field strengtlR wliih* direct 
current is the motive power. Meantime the voltage ratio 
between the current received at the commutator and that 
given out at the collecting rings remains constant, whatever 
changes are made in the field strength. 

If the rotary is driven by alternating current received at 
the collecting rings, the number of revolutions per minute 
is independent of the strengtli of the magnetic field, hut 
depends on the rate of cycles of the driving current, as the 
rotary will operate in synchronism with the geneiattjr that 
furnishes the alternating supply. In other wonls, the pro- 
duct of the number of pairs of poles and of the number of 
revolutions per minute for the rotary will etiual iu every 
case the product of the like numbers for the alternator th.it 
supplies the driving currents. Where alternating current 
is the motive power, as in the reverse ease, tiie voltage ratio 
for the currents at the commutator anti collecting rings is 
independent of the strength of the magnetic field. 

A rotary converter of single phase, like a single.phase 
alternator of the ordinary type, cannot be startetl with 
single-phase current, though direct curretit supjdietl at the 
commutator will start it, like any direct-current umtor. 
After the single-phase converter is once started anti brtnight 
to a speed that puts it into synchronism with the stuirce t»f 
current, it will continue to t)perate if ctnmected to the alter- 
nating supply. Rotary converters of two, tliree or more 
phases start with a large tonpie and come rapidly up to 
synchronous speed when supplied with alternating current 
of like numbers of phases at their collecting rings. In large 
systems of electrical distribution it is a growing practice to 
use rotary converters both to receive alternating energy 
from a distance and to generate direct current fnau mecham 
ical power, when the converters are not in use for the 


former purpose. 


In such cases 


current in any event, but the dr 


the electrical and the mechanica 
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AiK)thw' use oC rotary converters, or of double-current 
g;eiK'rators, as the)* arc often called in such cases, is to 
supihy both alternating^ and direct current when mechan- 
ically driven. 

Such a use of those machines is of increasing importance 
in steaui-driven stations, where direct current is sent out for 
n oar- by service, and alternating current to more distant 
consumers. 

I'or these i)urposes the double-current generators arc 
designed to deliver energy at tlie commutator of the volt- 
age recpiired in the direct-current distribution. In (wder to 
secure the pressures desirable for transmission to the more 
distant parts of the system, alternating current from such 
generators is passed through tiainsformers at the station 
that yield current of suitable voltage. 

Rotary converters or double-current generators do not 
yield currents of etpial voltage at their commutators and 
collecting rings. On the contrary, tl\e voltage at the com- 
mutator is always greater than the virtual voltage at the 
collecting ring.s. If the rotary converter shown in Fig. 243^2- 
and be driven by luechanical power at such a speed that 
direct current of kx) volts is delivered at the commutator, 
the Kingle-i)huse current given off at the collecting rings 
w.ll be at 70.7 virtual volts, if the machine is so constructed 
that the curve of alternating pressure follows the true sine 
law The greatest pressure at any point on such a sine 
curve w(mld correspond to the pressure of 100 volts at the 
commutator, and the virtual volts during a complete cycle 
can be shown mathematically to be 70.7 per cent, of the 
maximum for a single-phase current that follows the sine 
law. For a rotary t)f two phases the virtual voltage in each 
phase is also 70.7 jjer cent of that at the commutator. In a 
three-phase rotary converter the virtual voltage at the col- 
lecting rings is 61.2 per cent, of that at the commutator. If 
the watt output at either the collecting rings or the com- 
mutatcjr is etpial to the watts absorbed at the other end of 
the rotary armature, the virtual amperes at the collecting 
rings are 141.4 per cent, of the amperes at the commutator 
of a single-jihase rotary converter. 
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DR. PUPIN’S IMPROVEMENTS IN LONG-DISTANCE TELEPHONY. 

BY HERBERT T. WADE- 

Soon after the laying of the first Atlantic cable, nearly 
fifty years ago, Sir William Thomson prophesied that it 
would not be possible to exceed a certain rate of speed in 
the transmission of signals, on account of the so-called Capa- 
city of the cable. This prophecy has held good, for, not- 
withstanding multiplex and mechanical systems of telegra- 
phy on land, the submarine cables are operated at an average 
speed of but twenty-five words a minute. The use of a sub- 
marine cable in telephony over a greater distance than 
twenty-seven miles in length (Dover-Calais) is not supposed 
to be practicable, and consequently telephonic communica- 
tion is not available where a large body of water must be 
crossed. In telephone circuits where aerial wires are em- 
ployed, there are also limitations, and yet long-distance 
telephony on such a scale as is desired-, from New York to 
New Orleans, or San Francisco, for example, has not been 
attained, and is admitted by telephone engineers to be next 
to impossible. 

After a series of experiments performed at the laboratory 
for electro-mechanics at Columbia University, Prof. M. I. 
Pupin has ascertained that with cables and air line conduc- 
tors constructed according to a method thus far employed 
in the construction of long-distance electrical conductors, 
which involves a somewhat radical but nevertheless a very 
simple departure from the methods, the efficiency of trans- 
mission of electrical energy is greatly increased, and that a 
number of the difficulties just enumerated may be readily 
overcome. The method may be stated broadly to consist in 
employing what Prof. Pupin calls non-uniform conductors in 
place of ordinary uniform conductors. In the course of his 
experiments he has made use of such conductors for long- 
distance telephony, and the researches in his laboratory 
have been marked with great success. 

Electrical energy when sent over a conductor of such 
length as is used in long-distance telegraphy or telephony is 
transmitted in the form of electrical waves. The transmis- 
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sioii of tJic energy under such conditions can hardly bo 
called direct, for it is first stored 14) in the incdiuiu sur- 
rouiidin^^ the transmitting' line, and from here it is then 
transferred to the receiving apparatus. If a periodic cur- 
rent is impressed on the circuit; by the transmitting j>;enera- 
tor, \vc have periodic variations (tf current and potential 
alon^ the transmission wire. 

In the study of electrical waves it is found that the am- 
plitude of the wave diminishes as the enerfj^y is propagated 
from the source. In sliort, a wcakeninj^ of tlie current is 
caused which is styled attenuation, and for the constant of 
attenuation there is a mathematical expression in which the 
inductance, resistance and capacity of the conductor, and 
the fretiucney speed fi^nirc. The lo.ss of encr^ry is due to the 
irnperfcc't conductivity of the wire, and it is regulated by tlic 
inductance and capacity in the circuit. The most inpiortant 
feature of this rei^ulatiou is the following : If a ooiuluctor 
has a inductance, a pven (puintity of energy will be 

transmitted with le.ss loss than over a conductor with a 
smaller amount of inductance. Thi.s fact wtis known to Oli- 
ver Heaviside, the mathematical physici.st of England, and 
while Ids theory demonstrated the superiority of a wave 
conductor of high inductance, it did not indicate a way in 
which such a conductor could be constructed. The mere 
introduction into tlic circuit of a coil or coils has been tried 
without succes.H, a.s there wa.s no underlying mathematical 
theory to govern the exiieriments. 

Prof. I’upin, iiowcver, has developed such a theory, 
which .serves to explain the problem, and its main features 
ai*e well shown in a mechanical illustration in which the 



same elcment.s are pre.sent as are found in the question of 
the transmi.s.sion of electrical waves. To one prong of a 
tuning fork rigidly fixed at C is fastened a cord whose other 
end is attached to some firm object as D, shown in the illus- 
tration at I, Fig. 244. Let the fork be set into vibration and 
a wave motion results, which, if the resistances due to fric- 
tion are negligible, will take the form of stationary waves, 
as shown at 2. But, assuming that the frictional resistances 
are not sufficiently small to be neglected, then the direct and 
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reflected waves will not be equal, and instead ol stationary 

wavesthere will be waves where the ainplitude ot the par. 

tides at the greatest distance from the tuning lork wdl be 
less than that nearer the source of motion, as sliown at 3. 
the energy being dissipated by the frictional resistances in 
its progress along the cord. This weakening or atttmuation. 
however, will be ditniiiished if a string of gt eaten dt‘nsit \ is 
employed, since a larger mass reciuires ti smaller veloeit v in 
order to store up a given amount of kinetic t nt ig\ . tuul 
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smaller velocity occasions a stnaller frictitmul loss. Ntiw let 
a weight, such as a ball of wax, be attached to the vibrating 
cord at its middle point so as to increase its nuiss. This 
weight will serve to occasion reflections, and there will be 
far less energy transmitted to the extremity of the string 
than before. Then, if the mass of wax be subdivided, and 
put at regular intervals, as shown in diagram, 4, Fig. 2.pg 
the efficiency will be increased. The further we prtH eed in 
this subdivision the higher will be the efficiency of transmiH- 


L0N(;-1)ISTANCE TELHl’IIONY. 55 I 

blit ii point will be soon reached beyond which it is not 
[lossiblc to secure an appreciable improvement bv further 
subdivision. 

'Phis point is where the cord thus loaded vibrates very 
nearlv like a uniform cord of the same mass, tension and 
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frictional resistance, as wc may see by reference to 5. There- 
fore, to secure an increase in the efficiency of transmission 
over a cord thus loaded, we must properly subdivide the 
load and the distances, or otherwise the effects of reflec- 
tion will destroy the benefits derived from the increased 
mass. In the experiments with the cord it was found im- 







possible to load the cord in sxich a way as to niakr it c<iuiv. 
alcnt to a iiiiiforni cord for all wave lengths; but il the load 
was distributed so that it satisfied a i^iven wave leug’th, it 
also answered for all lon^cu" wtivt* lenj^ths. I lu luatlu uuiti- 
cal theory and law for the vdbration of a cord under such 
conditions is exactly the same as that j^o^^uuiui^ tlu distto 
bution of the electric current over a wave eondmit.r umler 
the influence of similar forces, kinetic or mass react itm, ten- 
sional reaction and resistance reaclitui in tlie t ase of the 
cord being paralleled by electro-kinetic rcactiim, capacity 
reaction and ohmic resistance reaction in the <*ase cd the 
wave conductor. Tliercfore, it will he understtuHl that if 
inductance coils are introduced alon^Mhe wave* cmulitetor at 
periodical intervals, the etliciency of tlie transmission of 
electrical energy is increased. I’nd. Pupin's etim lusion is 
that a non-uniform conductor is as nearly ecpii valent to its 

correspondingly uniform conductor as sin ^ is to ^ where 

93 is the angular distance between the iiulucttmce points of 
inductance sources and the angular tlistance to ir ctuit*. 
spends with the wave length. Here the value tft is inversely 
proportional to the wave length, so tluit hir a given dis« 
tance between the reactance points the degree t»f etpiiva- 
lence diminishes as the wave length tliminishes, If tlie wave 
conducted be of complex nature, .such as is met with in tele 
phony where the overtones of the voice are present, then, if 
the approximation suffices for the higiiest essential fre 
quency, the conditions will be even more favorable for the 
lower notes. 

From theory to experiment was the next step in this 
investigation, and the study of these electrical wiives 
was undertaken while they were passing t»ver wave con- 
ductors. The experimental proof consisted in demonstrat- 
ing that non-uniform conductors of the destniption just 
given will show the same wave-length ami the? same attenu- 
ation for a certain frequency and for all lower fretpu-ncies 
as a uniform conductor of the same inductance, resistance 
and capacity. The wave-length is of course comlitioned by 
the frequency, and in the con.struction of the apparatus the 



periods used in long distance telephony were selected. The 
conductor selected was the counterpart of a cable 250 miles 
in length, having the equivalent resistance and capacity. To 


1 



construct such a cable was a task of much labor, and three 
cables were made and experimented with before the final 
form was reached, which approaches very nearly the condi- 
tions existing in a submarine cable. This was formed of 
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thin strips of tinfoil hiitl oii sheets ot pur:itinu*tl |ui|H*r unci 
curcfully coimcctccl, tlidr k'Uf^th bcin^^ sullicirnt to allorcl 
considerable resistance, while the i'a[>acity was I'e^ulated by 
the thickness of the insiilatinj,^ material. 'Phe strips were 
then connected in sections, each beinj^^ etjui valent to one 
mile of cable with a resistance of 9 ohms ami a capacity of 
.074 microfarad, and were arranf>:cd in f^roujis of lifty, one 
such group being contained in tlie heavy case slujwn in the 
center of the illustration, Fig. 24b. Having ti caible where 
there is resistance and capacity, it is possible to demonstrate 
experimentally the vigorous attenuation of the current and 
to study the propagation of the electrii*al waves. 'Phis at- 
tenuation, as has been said, is remedied by the insert i<in of 
induction coils into the circuit, and the illustration and dia» 
gram show the method of adding sueli eoils. 'Phe wires 
from the various sections of the cable are ctmnec'ted with 
brass plates placed on a long wooden strip, ami by tneans of 
plugs and binding posts the cirtniit can bt* regulated. At 
the gap between any two suceessive .secti«m.H of the cable a 
coil or coils containing inductance cam be ucith'd, and by 
merely inserting a i)lug can be cut out of the eireuit, I 'sing 
a small alternator, and circuits with suitable iuductanca’ and 
capacity, to im{)rcss a simple luirmonic electromotive force 
the waves were investigated. The alternator was so cam- 
structed as to give currents of dilTerent frecjuencic's and thus 
produce the circuit waves of difTerent length. Then with a 
slide contact, G, and galvanometer, H, arranged an shtnvn 
at 6, Fig. 24s, it was possible to ascertain the condition of the 
current at any point along tlie line. In this way c»bserva- 
tions were made and curves plotted showing tint max- 
imum and minimum amount of current and the length of 
the wmve passing along the conductor. Such a cur ve in 
shown at 7, the numbers along the horiisiintal line in the 
middle representing the distance fnmi the mitldle point of 
the cable, and the dots the currents at various tiistanceH 
from this point. 

Connecting these points we have a close apfjrftsimatlon 
to an attenuated sine curve as required by the mathemat- 
ical theory. In this case tire wave length is 17 nriles and 
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t tic frequency 625 periods per second. Contrast this with 
the following illustration, where the inductance is not pro- 
perly^ placed in the circuit, and the result shows a remark- 
«.ible a.ttenuation and reflexion of the waves. Leaving the 
exact mathematical considerations out of question, it ma}' 
be stated if the induction coils are placed at intervals about 
oue-sixteenth of the wave length the non-uniform conductor 
will be like a uniform conductor to within two-thirds of 
one per cent. If this is done the attenuation is made ver}^ 
small, comparatively speaking, and the electrical energy is 
transmitted with but slight dissipation. A numerical 
example will illustrate this more clearly. If the cable is 
employ’'ed with the inductance coils placed properly, then 
two and one-half per cent, of the current generated at the 
transmitting end reaches the receiving end of the cable. But 
if the coils are cut out and the cable used in the ordinary 
way, then only one two hundred and fifty thousandth part 
of the current sent in at the transmitting end reaches the 
receiving end. In other words, the insertion of the coils 
enables the cable to transmit 6,000 times as much current. 

X he first application of the results of this investigation 
has been to long-distance cable telephony ; the cable being 
employed as before with the inductance coils at intervals 
of one mile, and at either end of the line two sets of ordin- 
ary’^ telephonic instruments. Over this line of 250 miles of 
cable one can carry on a conversation distinctly, the fact 
seeming the more remarkable when it is realized that about 
40 miles is the present limit for cable telephony, and that 
the longest cables in the New York subways are 15 miles 
in length. These experiments from a purely scientific 
point of view demonstrate the feasibility of transatlantic 
teleiohony. 

It is, however, in regard to its applicability to tele- 
graphy, that its advantages for marine work must be espe- 
cially considered, where, as soon as the speed is increased, 
the attenuation of the waves occurs, and a limit is very 
early set upon the rate of operation. With the attenuation 
taken care of by inductance coils added at specific distances 
.xilong the cable, the current would be transmitted with 
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small loss to its clCvStiiuition, aiicl not tmly woultl the onli- 
nary speed of operation be inoreasetl, but by the use (tf 
methods similar to those employed on land for rapid tele- 
graphy the efhciency would be made many times greater. 
The inductance coils could be added to tlu' cmuluelor at 
certain distances and placed within tlie sheathing at small 
cxi)ensc in comparison with the cost of the cable, and being 
made about one inch in diameter and six inches in length 
would create no particular diiriculty either in tlie manufac- 
ture or in the laying of the cable. 

The earliest application of this methoil will doubtless he 
to aerial conductors to increase tlie present limits of long- 
distance telephony now placed at St. Loui.s from New 
York. The inductance coils at slight c’ost can be attached 
to the cross arms of the poles, ami instemlof the heavy cop. 
per wires now rectuired, a smaller and h*.ss expensive (Con- 
ductor may be lused. According to the theory and its 
experimental verification, there seems to he nothing to pre- 
vent a very wide increase in the limiting dislum*e of 
modern telephony through the use of this metliod of con- 
structing conductors, and trials in the field under actual 
conditions of service arc anticipated with interest by te!e» 
phone engineers. It is worthy of notice in comiection with 
this discovery that its entire development has ht‘en carried 
on along strictly scientific lines by Prof. Ihipin, to him 
being due tlie conception of the matliemutical theory 
involved, its experimental verifieation, and, lastly, its appli- 
cation to an important technical prolUem. 
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during: a period of over fifty years, some of the most important patent 
cases which have ever been sent to the Patent Office* During* this long: 
period they have filed and prosecuted over one hundred thousand 
applications for patents. Their reputation is such that inventors have 
found that they may submit their ideas with entire confidence that 
their trust will not be betrayed, and that their interests will be pro- 
tected to the fullest extent. They secure patents, trade-marks, caveats 
and copyrig-hts* A little hook entitled ^'Hand-Book on Patent Prac- 
ticed^ will be sent free to any address, and any questions relating to 
patents will be chcoffully answered by return muiil without charge* 
Thousands of c^' all over the United States, many of them the 
most successful L. ..utors which this country has produced, have had 
the professional services of Messrs, Munn & Co, in the preparation and 
prosecution of their patent applications before the United States and 
foreign patent offices. The integrity of this firm, and their attention 
to this branch of their business, has resulted in the largest practice of 
any firm of patent attorneys in the United States, Inventors arc 
invited to write freely regarding their inventions, and tlicir sketches 
will be carefully and promptly examined. All communications of this 
kind arc treated as strictly confidential. The readers of **The Cyclo- 
pedia of Receipts dd may also be interested to know that Munn & Ox 
have offices in both New York and Washington, and thus arc able to 
keep in close touch with the work of the Patent Office# They have 
unsurpassed facilities for examining and reporting on the probable 
patentability of inventions, and they render opinioni on questions of 
infringement and validity of patents; and they also have teen mcit 
successful in the prosecution of interferences. 
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